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ABSTRACT
The world-wide production and processing of  shrimp 
represents an industry  valued a t  several  hundred m i l l i o n  
d o l l a r s .  The disposal  o f  shrimp waste m a ter ia ls  is a 
serious problem of  r a p i d ly  Increasing magnitude. Because 
of  a dearth of  informat ion  on the sub ject ,  and the Impor­
tance of numerous economic, e c o lo g i c a l ,  and n u t r i t i o n a l  
aspects,  studies were made on (1 )  i s o l a t i o n  of  p ro te ina -  
ceous mater ia l  from shrimp cannery e f f l u e n t ,  and (2 )  chemi­
cal proper t ies  and n u t r i t i o n a l  q u a l i t y  o f  shrimp waste 
prote in  I s o la t e d  from the e f f l u e n t .
Shrimp cannery e f f l u e n t ,  co l le c ted  a t  a seafood 
pla nt  a t  Uestwego, Louis iana,  contained about 0.65% t o t a l  
s o l id s .  Approximately two ki lograms of  shrimp waste pro­
t e i n ,  SWP, drum-dried a t  124-127°C,  was obtained from 
2,650 l i t e r s  of  th is  e f f l u e n t  by t reatment  with hydro­
c h l o r i c  ac id .  Percentage values f o r  SWP components d e t e r ­
mined by proximate ana lys is  were: moisture 10.00 ± 0 .5 1;
ash 6 .33  ± 0 .2 8 ;  p ro te in  58.98 ± 1 .46;  f a t  16.97 ± 0 .3 3 ;  
crude f i b e r  1.62 ± 0 . 0 5 .  Gross energy was 5170 ± 52 c a l / g .  
Microminerals were: calcium 0.465%; phosphorus 0.815%;
s u l f u r  0.415%; i ron 0.110%; magnesium 471 ppm; z inc  109.5  
ppm; manganese 18 ppm; and copper 17.5 ppm. Total  bac­
t e r i a l  counts f o r  shrimp cannery e f f l u e n t  and SWP were
vi
1.4 x 106/m1 and <200/g,  respec t ive ly .
Hygroscopic propert ies of SWP and I t s  defat ted  de­
r i v a t i v e  were determined by exposure to atmospheric 
humidi ty,  and to 100% r e l a t i v e  humidity in a closed system. 
In open a i r ,  absorption of moisture was 2% by oleaginous 
SWP and 6% by defat ted  SWP. At 100% r e l a t i v e  humidity 
maximal absorption of  moisture was about 42% fo r  both types 
of SWP. Mold did not a t tack e i t h e r  type of SWP 1n open a i r ,  
but a t  100% r e l a t i v e  humidity,  1t attacked defat ted  SWP 
a f t e r  six days, and oleaginous SWP a f t e r  e ight  days ex­
posure.
Prel iminary c l a r i f i c a t i o n  tests on shrimp cannery 
e f f l u e n t  were made with d i l u t e  solut ions of four inorganic  
s a l t s ,  namely, aluminum s u l f a t e ,  f e r r i c  s u l f a t e ,  f e r r i c  
c h lo r id e ,  sodium s i l i c a t e ,  which are commonly used 1n 
c l a r i f y i n g  f i s h ‘s t l c k w a t e r . The two i ron sa l ts  were the 
most e f f e c t i v e .  Aluminum s u l f a t e  was r e l a t i v e l y  e f f e c t i v e  
a t  the highest concentrat ion used. Sodium s i l i c a t e  was not 
e f f e c t i v e  a t  any of the concentrat ions tested .
SWP was analyzed fo r  eighteen amino acids.  Compari­
sons based on amino acid p r o f i l e s  Indicated that  SWP was 
superior to casein with respect to the su l fur -conta in ing  
amino ac ids ,  and equal to casein tn threonine content .  SWP 
contained 55% more arg in ine  than casein,  but 50% less I so ­
leuc ine ,  40% less v a l in e ,  37% less h i s t i d i n e ,  25% less 
l e u d n e ,  and 23% less ly s in e .  Comparison of the SWP
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p r o f i l e  with that  of f i sh  protein concentrate,  FPC, I n d i ­
cated th a t  four amino ac ids,  cyst ine ,  phenylalanine,  t r y p ­
tophan' and tyrosine were present 1n SWP 1n large r  amounts 
than they were 1n FPC. Six amino a d d s ,  a r g in in e ,  h i s t i ­
d ine ,  iso leuc ine ,  l ys in e ,  methionine and va l ine  were present  
1n SWP in smal ler  amounts than they were in FPC.
The protein e f f i c i e n c y  r a t i o ,  PER, was determined fo r  
three pro te ins ,  casein,  SWP, ISP ( i s o la te d  soybean p r o t e i n ) ,  
and a mixture of  equal port ions of SWP and ISP. With a l ­
bino ra ts  as the t e s t  animals,  four  i s o c a lo r i c ,  ison i t ro g e-  
nous d ie ts  (4045 c a l /g ;  1.6% n it rogen)  containing one each 
of the above protein sources were used to evaluate the e f ­
fec ts  of  SWP on f i v e  c r i t e r i a :  food in ta ke ,  body weight,
PER, l i v e r  weight,  and the r a t i o  of prote in  to f a t  in the 
1i v e r .
SWP promoted r a t  growth 80% as e f f i c i e n t l y  as 
casein; moreover, SWP improved prote in  q u a l i t y  74% in a 
soybean d i e t  when SWP replaced h a l f  the soybean prote in  in 
the d i e t .  A project ion  of  potent ia l  p ra c t ic a l  appl icat ions  
would include (1)  incorporat ion of SWP 1n canned or pro­
cessed pet foods, and (2)  use as an animal feed supplement 
in poult ry  or l ives tock  ra t io n s .
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INTRODUCTION
In a repor t  (10)  from the U.S. Department of the In ­
t e r i o r ,  food Indus tr i es  were considered as one of the ten 
major in d u s t r i a l  groupings cont r ibut ing  to the cost of  
water p o l l u t i o n .  Water used in Industry accounts f o r  ap­
proximately 50% of the to ta l  clean water used in the United 
States.  Of th is  water ,  90% is used in cooling systems,  
with the remainder u t i l i z e d  1n actual  processing operat ions.  
For the f i s c a l  years 1969-1973,  Investments for c a p i ta l  out­
lays for  water q u a l i t y  standards have been estimated a t  
2 . 6 - 4 . 6  b i l l i o n  d o l l a r s .  The Federal Water Qual i ty  Control  
Administ rat ion has ca lculated  th at  743 m i l l i o n  dol la rs  w i l l  
be required in ca p i ta l  expenditures to meet water po l lu t ion  
standards ( 8 8 ) .  This estimate was based on 70% of the 
equipment being continuously u t i l i z e d .  Therefore,  an addi ­
t iona l  Investment of 220 m i l l i o n  do l la rs  w i l l  be requ i red ,  
re su l t ing  in a t o ta l  expenditure of 963 m i l l i o n  d o l l a r s .  
These f igures  do not include operat ion and maintenance 
costs and new plants constructed since 1968, which are  
estimated to increase about 4.5% annual ly ( 9 1 ) .  Data more 
recent than 1968 are not a v a i l a b l e .
The Nat ional  Canners Associat ion (11)  reported that  
the canning Industry consumes 36 b i l l i o n  gal lons of  water  
y e a r ly .  I f  these e f f lu e n ts  were discharged without
1
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t reatment ,  they would present a potent ia l  po l lu t ion  load of  
more than 300 b i l l i o n  gal lons of  domestic sewage. Fortu­
nate ly ,  a considerable amount of  these l iq u id  wastes can be 
t reated  by canners and m u n ic ip a l i t i e s .
The seafood industry 1s an important user of  water ,  
wherein 50X of  the t o ta l  volume of  water consumed is r e ­
quired f o r  the many phases of the sequential  operat ion,
i . e . ,  washing, grading,  separat ion ,  pee l ing ,  conveying,  
blanching,  processing,  cooling and clean up (10 ) .  Certain  
of these processes u t i l i z e  greater  amounts of  water than 
others.  For example, mechanical peel ing requires much 
la rger  amounts of  water 1n six phases of  the operation than 
does handplcklng in three phases, as del ineated in Figures 
la and 2a (Appendix) (7 8 ) .  Furthermore, water 1s required  
for  disposal of  so l id  waste transported in the plant  d i s ­
charge from the f a c i l i t y .
H i s t o r i c a l l y ,  seafood plants were cen tra l i zed  near 
large urban areas where streams, lakes and r i v e rs  were u t i ­
l i zed  to dispose of the waste e f f l u e n t  from the processing 
operat ions.  However, th is  pract ice  is creat ing  serious 
problems in c l a r i f y i n g  water ,  due 1n part  to the protelna-  
ceous and o i l y  components of  these e f f l u e n t s .  I f  shrimp 
cannery wastes are discharged In to  municipal disposal sys­
tems, and t reated  along with the domestic sewage, which 
includes e f f lu e n ts  from humans, animals,  and food process­
ing plants (vegetables,  d a i r i e s ,  meat packing houses),
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p o l lu t ion  problems w i l l  be enhanced with i r r e v e r s i b l e  con­
sequences. While suspended so l ids 1n shrimp waste e f f l u e n t  
are r e l a t i v e l y  low 1n concentrat ion ,  tremendous volumes of  
water are involved 1n various steps of  the processing 
operat ion.  These wastes cause a high biochemical oxygen 
demand (BOD) and reduce the oxygen content of  water.  Oxy­
gen is basic fo r  proper maintenance of aquat ic l i f e ,  and 
also serves to reduce concentrat ions of c e r ta in  harmful  
b ac te r ia .  The l a t t e r  Increase 1n numbers under condit ions  
of low oxygen tension requ i r ing  special  precautions fo r  
adequate t reatment of  water.
Increasing f e d e r a l ,  s t a t e ,  and local  regulat ions to 
reduce environmental p o l lu t io n  suggest examination of pos­
s ib le  economically feas ib le  uses fo r  wastes from seafood 
processing p la nts .
In Louisiana,  and other coastal  regions of the 
United Sta tes ,  shrimp 1s a tremendously Important Item of  
commerce comprising an economically valuable industry .  The 
Gulf  of  Mexico region,  including F lo r id a ,  Alabama, Miss is­
s i p p i ,  Louisiana and Texas, provide approximately 85% of  
the t o ta l  shrimp catch of  the United States (92 ) .  Total  
shrimp landings 1n 1969 were 317.1 m i l l i o n  pounds, not I n ­
cluding 220.1 m i l l i o n  pounds of shrimp (heads o f f )  Imported 
from 67 countr ies to the United States.  Only 30.9 m i l l i o n  
pounds were exported,  I . e . ,  25.2 m i l l i o n  pounds fresh or 
f rozen ,  and 5.7 m i l l i o n  pounds of canned shrimp.
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Therefore,  shrimp accounts f o r  24% of the to ta l  United 
States ex-vessel  value paid fo r  a l l  species of economically 
valuable seafood (5 5 ) .
Of the t h i r t y - f i v e  shrimp plants located in the Gulf  
area s ta te s ,  only three are known to produce shrimp meal 
from bulk waste and none at  th is  time are a c t i v e ly  engaged 
in reclamation of the soluble matter ( 3 ) .  Although an 
average capaci ty shrimp processing p la nt  consumes as much 
as one m i l l i o n  gal lons of  water per day ( 7 5 ) ,  no f igures  
are ava i lab le  on u t i l i z a t i o n  of  sol ids from the waste e f ­
f l u e n t ,  s im i l a r  to those of f i s h  solubles which accounted 
for  81,692 tons produced 1n the United States in 1969 (9 2 ) ,  
as wel l  as an array of  other f i s h e r ie s  byproducts.
In view of the dearth of Information on th is  sub­
j e c t ,  the object ives of th is  Inv es t ig a t ion  have involved  
the fo l lowing general aspects of shrimp waste protein i so ­
la t ion  and c h a rac te r iz a t io n :
1. I so la t io n  of the protelnaceous mater ia l  present 1n 
shrimp waste e f f l u e n t  by means of  acid treatment  
based on the isoelectr ic point  propert ies of  protein.
2. Pre l iminary inves t igat ions  concerning the c l a r i f i c a ­
t ion  of shrimp waste e f f l u e n t  by means of inorganic  
sal ts  at  d i f f e r e n t  leve ls  of concentrat ion,  as well  
as est imat ion of uni formi ty  of t o t a l  sol ids 1n the 
e f f l u e n t  during the processing operation of the 
shrimp cannery p lant .
5
3. Determinat ion of  various c h a r a c t e r i s t i c s  of shrimp 
waste p ro te in  obtained from the t re a te d  e f f l u e n t  by
a drum drying process; these include chemical compo­
s i t i o n  as ind icated  by proximate a n a ly s is ,  amino 
acid p r o f i l e ,  b a c te r io lo g ic a l  count,  micromineral  
c o n s t i tu e n ts ,  gross energy value and hygroscopic 
proper t ies  of  the stored shrimp waste p ro te in .
4.  N u t r i t i o n a l  eva luat ion  of dr ied  shrimp waste pro te in  
by determining i t s  p ro te in  e f f i c i e n c y  r a t i o  (PER) 
s in gly  and in combination with another prote in  such 
as soybean prote in  i s o l a t e  to improve the n u t r i ­
t i o n a l  balance of essent ia l  amino acids in the
1a t t e r .
REVIEW OF LITERATURE
L i t t l e  i f  any research has been done on shrimp 
waste e f f l u e n t .  This may be a t t r ib u t e d  to several  f a c to r s ,  
i . e . ,  short  canning seasons of operation th at  make j u s t i f i ­
cat ion of large ca p i ta l  expenditure fo r  waste processing 
equipment d i f f i c u l t ,  v a r i a t io n  in amount of raw m a t e r ia l ,  
v a r ia t io n  of the amount of waste from the d i f f e r e n t  amount 
of the input ,  perishable nature of the waste,  and l a s t l y  
the r e l a t i v e l y  i so la ted  locat ions of the p lants .  An addi ­
t iona l  considerat ion is the cost of equipment necessary to 
process a byproduct from the tremendous volume of e f f l u e n t  
with i t s  r e l a t i v e l y  small qua n t i t ie s  of suspended so l ids .
Meanwhile, numerous researchers are concerned with  
proximate analyses and n u t r i t i o n a l  evaluat ion  of  c r us ta ­
ceans and f i sh  meals fo r  animal feed,  i . e . ,  crab meal 
[Goodwin and Srinsuckh ( 4 0 ) ,  Lovel l  e t  a l .  ( 6 1 ) ,  Lubitz  et  
a l .  ( 6 2 ) ] ,  and shrimp meal [Parkhurst  e t  a l . ( 7 2 ) ,  M o r r i ­
son ( 6 6 ) ,  Brown ( 1 6 ) ,  Law ( 5 9 ) ,  and Black and Schwartz 
( 1 4 ) ] .  In general ,  the only research in shrimp wastes 
u t i l i z a t i o n  has concerned use of shrimp meal in animal 
feed and f e r t i l i z e r  (16 ) .  In 1969, only 691 tons of  
shrimp meal valued a t  29,185 d o l l a r s ,  was reported in the 
United States (4 8 ) .
Reports vary on the amount of shrimp waste and loss
6
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during processing operat ion.  The Bureau of  Commercial 
Fisheries (17) has given a cleaning loss of 55% from the 
i n i t i a l  weight of raw shrimp, a f t e r  processing,  not inc lud­
ing th at  l o s t  during the blanching process. Jensen (51)  
calcu la ted  that  78 to 85% of the shrimp is wasted in me­
chanical  peel ing compared with 77 to 84% lo s t  in hand 
picking.  Elsewhere, the Oregon State Department of Environ­
mental Qua l i ty  (71) reported losses of 75% fo r  shrimp 
processed by hand p ick ing.  V l lb randt  and Abernethy (93)  
estimated th a t  shrimp heads comprise 43 to 45% of the whole 
raw shrimp, without est imat ion of  the loss during blanching.
The volume of water used fo r  the d i f f e r e n t  steps in 
shrimp processing var ies in volume depending on the system 
of operat ion used. For instance,  mechanical peel ing r e ­
quires more water than does hand picking (Figures la and 
2a, Appendix) because of the ext ra  steps,  i . e . ,  pee l ing,  
washing, blanching,  r e t o r t in g  and cool ing,  Involved 1n the 
former ( 7 8 ) .  Accordingly,  the suspended sol ids present 1n 
the discharged shrimp e f f l u e n t  vary widely.
While considerable a r t i c l e s  ex is t  on d i f f e r e n t  as­
pects of t reatment of f i sh er y  byproducts, only those p e r t i ­
nent to the immediate object ives of th is  study have been 
selected f o r  discussion 1n the fol lowing sect ion.
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Separation of Proteinaceous Mater ia l  from 
Seafood Waste Effluents"
The discharged e f f lu e n ts  from processing operations  
of the s h e l l f i s h  industry contain diverse suspended so l id s ,  
mainly proteinaceous and o i l y  type mater ia ls  which remain 
a f t e r  removal of the so l id  parts such as heads, s h e l l s ,  
vis ce ra .  Separation of  the proteinaceous mater ia l  in the 
e f f l u e n t  can be accomplished by various procedures inc lud ­
ing: use of inorganic sa l ts  of  a r e l a t i v e l y  high molecular
weight to bind and p r e c i p i t a t e  the suspended p a r t i c l e s ;  
a l t e r a t i o n  of  the charge to permit the p a r t i c le s  to lose 
t h e i r  c o l lo i d a l  propert ies and p r e c i p i t a t e ;  lowering of 
the pH to the i s o e l e c t r i c  point  to p r e c i p i t a t e  the prote in ;  
forcing  a i r ,  by means of a g i t a t io n  or pumping, through the 
e f f l u e n t  to act  as c a r r i e r  causing f l o t a t i o n  of protein  
p a r t i c l e s ;  and f loc cu la n ts  which coagulate the co l lo ids  
causing aggregation fol lowed by p r e c i p i t a t i o n .  Imhoff and 
Fai r  (47) mentioned that  a great  v a r i e ty  of  f lo c c u la n ts ,  
d i f f e r i n g  1n mechanism, e f f i c i e n c y  and a c t ion ,  are a v a i l ­
able .  Shrimp waste e f f l u e n t  must receive f u r t h e r  t r e a t ­
ment to achieve e f f i c i e n t  recovery of  the suspended sol ids  
by any o f ,  or a combination o f ,  the aforementioned p r i n -  
c 1 p ie s .
Several workers have t r i e d  d i f f e r e n t  approaches fo r  
separat ion of proteins from f i s h  e f f l u e n t s .  Only those 
r e la ted  to the object ives of  th is  study are mentioned 
below.
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Clagget t  and Wong (20)  observed tha t  coagulat ion by 
heat or chemicals permits more than 50% recovery of  the 
suspended sol ids mater ia l  1n salmon wastewater.  However, 
heating large qua n t i t ie s  of e f f l u e n t  1s very cos t ly .  Use 
of alum s u l f a t e ,  aluminum hydroxide and l ignosulphonic acid 
der i v a t ive s  fo r  protein recovery from salmon wastewater 
caused p r e c i p i t a t i o n  of  proteins (20,  21) .  Aluminum su l fa t e  
alone,  or 1n combination with appropr iate p o ly e le c t r o ly te s ,  
such as f lo c c u la n ts ,  can remove most of the insoluble pro­
t e i n s ,  o i l  and a por t ion of  the soluble proteins .  Treatment  
with aluminum s u l fa te  and sodium hydroxide can do the same.
Iron sa l ts  have been used to some extent  1n meat 
rendering ind us t r ie s ,  although such sa l ts  cause corrosion  
of equipment and necessi tate special  precautions in selec­
t ion  of  equipment.
In another study (8 1 ) ,  Sp1n e l11 and Koury used phos­
phate sa l ts  (sodium trimetaphosphate and sodium hexameta- 
phosphate, in d i f f e r e n t  concentrat ions from 0.005 to 0.02M 
each) to p r e c i p i t a t e  sarcoplasmic f i s h  proteins containing  
1% so l id s .  The t reated  solut ion was a f fected  by pH, type 
of phosphate s a l t  used, and the concentrat ion of proteins  
in the so lut io n .  The r a t i o  o f  phosphate to nitrogen was 
0.146 to 0.460 depending on the pH and amount of s a l t  
added. Sp1nell1 et  a l . (82) appl ied the aforementioned 
procedure 1n recovering soluble f i s h  proteins from solut ions  
re su l t in g  from grinding f i sh  with water p r ior  to processing
1 0
into  FPC. The soluble f i s h  proteins are los t  when the t r a ­
d i t i o n a l  method employing Isopropyl alcohol 1s used and the 
discharged e f f l u e n t  discarded.  The FPC produced by the 
aqueous phosphate process has a s l i g h t l y  higher protein e f ­
f i c i e n c y  r a t i o  than that  produced by the isopropanol e x t r a c ­
t ion process.
Takahashi e t  a l . (90)  used coagulants (aluminum s u l ­
f a t e ,  f e r r i c  ch lor ide )  fo r  recovery of  protein from waste 
e f f l u e n t  of  the f i sh  Industry (Kamaboko) in Japan. Maximal 
removal of the nitrogenous matter  was achieved a t  pH 7 with  
aluminum s u l fa te  (400 m g / l i t e r ) ,  and a t  pH 6-7 f o r  f e r r i c  
chlor ide (480 m g / l1 t e r ) .  Total  recovery was not achieved 
(only 902 of prote1n-N and 552 of  t o ta l  n i t r o g e n ) ,  even a t  
the highest concentrat ion used. Di f ferences in sedimenta­
t ion  of protein was higher 1n e f f l u e n t  t reated with f e r r i c  
chlor ide  than that  t reated  with aluminum s u l f a t e .
Dryden and Stern (33)  considered aluminum s u l fa te  
more e f f e c t i v e  than f e r r i c  chlor ide f o r  increasing c l a r i t y  
of wastewater without pH adjustment (300 m g / l i t e r ) .  How­
ever ,  adjust ing  pH of the e f f l u e n t  with s u l f u r i c  acid be­
fo re  addi t ion  of aluminum s u l f a t e  reduces the amount of  
s a l t  needed without lowering the c l a r i t y  of the wastewater.
A B r i t i s h  patent  (15)  described acid treatment and boi l in g  
fo r  20-30 minutes fo r  removal of suspended sol ids from f i s h  
st ickwate r .  The p r e c i p i t a n t  was re -ad justed to pH 5 -5 .5  
with a l k a l i ,  f i l t e r e d ,  and concentrated under vacuum without
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not iceable destruct ion  of  amino acids* es pec ia l ly  t r y p t o ­
phan. Also,  lowering of the pH to the i s o e l e c t r i c  point  
and removal of the sol ids by heating under vacuum, Increased 
the to ta l  sol ids up to 50% and retarded microbial  a t tack (4).
Ziemba (97) added s u l f u r i c  acid to f i s h  s t ickwater ,  
lowering the pH to 4 .5 .  The coagulated mater ia l  was c e n t r i ­
fuged a f t e r  30 minutes,  dr ied and a recovery ra te  of 50 
pounds (70% prote in  on dry basis)  of the f i n a l  produce from 
1000 gal lons of the I n i t i a l  e f f l u e n t  was reported.
Another approach fo r  i s o la t i o n  of proteins from f ish  
e f f lu e n ts  is by enzymatic hydro lys is ,  which has been exam­
ined by numerous workers. Yanase (96)  appl ied an enzymatic 
technique to Euphausia superba, a small shr imp- l ike  c rus ta ­
cean (81.6% moisture) .  Hydrolysis was fol lowed by heat ing,  
f i l t r a t i o n  and evaporat ion.  The concentrated shrimp pro­
t e i n ,  designed fo r  human consumption, had a f i n a l  moisture  
content of 42%. Also,  Kawata and Takahashi (53)  applied an 
enzymatic hydrolysis procedure to f i s h  and f i s h  wastes.
The product subsequently was adsorbed on bran and used as 
animal feed.
Methods fo r  recovery of  f i s h  proteins as condensed 
solubles or dr ied m a t e r i a l ,  d i f f e r  in various regions of  
the world.  For instance,  in Norway (6,  8 ) ,  m u l t ip le  evapo­
r a t io n  systems are most f requent ly  used, whi le coagulants 
are recommended In South A f r i c a .  However, In Japan, enzy­
matic hydrolysis is p re fe r r ed ,  whi le in the United States
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( 9 ) ,  adjustment of the I s o e l e c t r i c  point  with acid t r e a t ­
ment, in conjunction with evaporation a t  low temperature 
and higher vacuum, is recommended.
The aforementioned work is o f  major Importance in 
recovery of  byproducts such as f i s h  meals, condensed f i sh  
solubles,  shrimp wastes, and fermented f i s h  solubles for  
d i v e r s i f i e d  uses such as pet foods, animal feed,  and u l t i ­
mate ex t ra ct ion  of f l a v o r  components ( 6 0 ) .  Moreover, re c­
lamation of water ,  reduction of waste disposal and cost of  
waste t reatment ,  reduction of  water po l lu t i on  and l a s t l y  
recuperat ion of  some ca p i ta l  return are probably possible  
as mentioned by Mendenhall ( 6 5 ) .
Chemical Composition of  Comparative Products 
and Byproducts from the Seafood Industry
Many workers have evaluated the chemical composition 
and amino acid p r o f i l e  of  meals derived from various marine 
products and byproducts such as FPC, f i sh  meal,  condensed 
f i sh  so lubles ,  and shrimp wastes. In general ,  the n u t r i ­
t i v e  value of  f i sh  products and byproducts is re la ted  d i ­
r e c t l y  to i t s  amino acid p r o f i l e  ra the r  than protein con­
ten t  per se . Va r ia t ions  in the r a t i o  of  amino acids among 
species of f i s h  and s h e l l f i s h  are r e l a t i v e l y  minor compared 
with v a r i a b i l i t i e s  1n the f a t t y  acids in o i l  content from 
one species to another such as rainbow t ro u t  compared with  
cod f i s h  ( 8 4 ) .  F1sh meals are considered to be among the
1 3
r ic hes t  sources of protein  fo r  providing essent ial  amino 
acids ,  although a v a i l a b i l i t y  of  the l a t t e r  1s dependent on 
the processing techniques.  High temperature or acids used 
in t h e i r  preparat ion cause dest ruct ion  of  the s u l f u r -  
containing amino acids (26,  27) .  Many workers have reported  
th a t  f i s h  and s h e l l f i s h  products and byproducts ( f i s h  pro­
te in  concentrate,  f i s h  meal,  f i sh  so lubles ,  spray dried  
shrimp waste prote in )  are l i m i t i n g  in the s u l fu r -conta in ing  
amino ac ids ,  methionine and cyst ine .
DeVyst et  a l .  (29)  analyzed f i sh  meals from Peru and 
Norway, and found t h a t  methionine was d e f i c i e n t  in both 
meals. In a d d i t io n ,  tryptophan was d e f i c i e n t  in the Norwe­
gian meal due to higher temperature used 1n the processing 
operat ion .
Also,  Fe rr e i ra  (36) considered both cyst ine and
methionine as l i m i t i n g  amino acids in f i s h  meals in view of
t h e i r  decreased s t a b i l i t y  in ac id ic  media.
S t U H n g s  et  a l . (86) reported that  FPC is  l im i t i n g
in some amino a d d s ,  grouped according to t h e i r  l i m i t a t i o n ,  
from the greatest  to the le a s t :  1) methionine; 2) h i s t i ­
d ine,  t ryptophan,  threonine;  3) v a l in e ,  Iso le uc ine ,  phenyl­
a lan ine;  4) leuc ine ,  l y s in e ,  a rg in ine .
Other workers reported the chemical composition and 
amino acid p r o f i l e  fo r  f i sh  meals and shrimp waste prote ins .  
These values are summarized fo r  proximate analysis as well  
as for  amino acid composition as fol lows:
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Fish meals (%) Shrimp
( D (2) ' (3) (4)  meala
Protein 76.68 62.01 50-85 54.25-77 37.6
Moisture 9.33 8.25 5 . 7 - 9 . 9 7-10 5.8
Ash 13.19 18.03 4 . 2 - 2 4 .5 6 .6 -2 7 .7  38.9
Fat 0.00 12.38 0 . 15-16 .92 6 .15-22 .49  0.7
Crude f i b e r ' k * * *  22.9
Calciurn * 5.26 2 . 7 -14 .7 *  *
Phosphorus * 2.98 0 .6 9 -4 .8 5 *  *
Iron * (438 ppm) 0 .012-0 .144 *  *
*Unrepor ted .
aShrimp meal,  Robinson (75 ) .
(1)  D i l i s  f i s h  meal ( Stolephorus commersonii) .
Alcaraz et a l . ( 1 , 2 ) .
(2)  Menhaden f i s h  meal ( Breyoort ia t.vrannus and EL 
patronus; contained also 0.34% sodium, 0.14% magnesium, 
0.72% potassium, 11.4 ppm copper, 151 ppm boron, 2.04 ppm 
barium, 63.3 ppm stront ium, and 352 ppm aluminum. Ki fer  
et a l . ( 54 ) .
(3)  Fish meals from C h i le ,  Germany and South A f r ic a .  
Garcia et  a l . ( 3 9 ) .
(4)  Fish meals from Peru, Canales (18 ) .
Also,  Brown (16) analyzed shrimp meals and reported  
as 42 .3 -5 0 .06  percent p ro te in ,  8 . 8 3 - 1 4 .4  percent f a t ,  
2.28-19 .56  percent moisture,  and 20 .8 -23 .52  percent ash.
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Amino acid p r o f i l e  of f i s h  meals 
and spray dried shrimp waste protein
Amino acid







Spray dried  
shrimp waste protein
Essential
Arg 4.0 6.04 8 .06
His 2.8 2.3 2.97
H e 4.0 4.4 5.17
Leu 6.3 7.14 8.14
Lys 7.4 7.56 8.34
Met 2.9 2.28 2.6
Phe 3.6 3.95 5.05
Thr 3.7 3.97 3.91
Try 1.0 1.07 0.73
Val 4.5 5.1 5.62
Non-essential
Al a * 5.94 7.14
Asp 8.6 9.07 8.63
Cys * 0.9 ★
Glu 9.3 12.7 17.8
Gly 4.3 6.78 7.52
Pro 3.2 4.58 4.54
Ser 3.9 3.61 4.69
Tyr 3.4 3.22 3.61
*Unrepor ted.
aJohnson and Peniston (52 ) .
(1)  D i l i s  f i s h  meal ( Stoleohorus commersonii) .  
Alcaraz et  a l . ( 1 , 2 ) .
(2)  Menhaden f i sh  meal ( Brevoort ia tyrannus and ji. 
patronus) . K i fer  et  a l . ( 5 4 ) .
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McCollum (63) categorized mineral  contents In f i sh  
meals as fol lows:  large proport ions of  calcium, copper,
I r o n ,  magnesium, phosphorus, sodium, su l fu r  and stront ium.  
Smaller qua n t i t ie s  of aluminum, f l u o r i n e ,  l i th ium  and man­
ganese with traces of barium, chromium, lead,  s i l i c o n ,  t i ­
tanium, vanadium, zinc and iodine .  While iodine is usual ly  
present in t ra c e s ,  i t  1s of  p a r t i c u l a r  therapeut ic  impor­
tance fo r  thyro id  gland funct ion .
The aforementioned l i t e r a t u r e  fo r  the chemical com­
posit ion of f i s h  products and byproducts demonstrates the 
importance of these as sources of high protein content.  
Shrimp waste e f f l u e n t ,  i f  u t i l i z e d  f o r  recovery of I t s  pro-  
teinaceous por t io n ,  and evaluated chemical ly and b io l o g i ­
c a l l y  would permit  I t s  use 1n various products such as pet  
foods and animal feed,  as a source of  p ro te in .
Storage of Fishery Products and Byproducts
Dried f i s h e r y  products or byproducts requi re  proper 
storage in view of t h e i r  high hygroscopic p ro per t ies .  Ma­
t e r i a l s  such as condensed solubles require addit ion  of  pre­
servat ive  or lower temperatures during storage to prevent  
microbial  a t t a c k .  D i f f e r e n t  approaches have been proposed 
fo r  increasing storage q u a l i t y  of  f i sh ery  products and by­
products,  depending on the form of the f inished product 
( l i q u i d ,  paste,  or powder). Special a t t e n t io n  has been 
given to dried products,  wi th concern to t h e i r  packing in
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moisture-proof  containers and storage in low humid areas as 
recommended by several  workers, Lewis and Solhelm ( 6 0 ) ,
Evans (35 ) .
Bersamin and Salcedo (13)  observed a s l i g h t  increase  
in moisture content (2-3SS) on the surface layer  of bagged 
f i s h  meal,  ra the r  than the inner layers of the meal.
Stander (83) reported tha t  the increase In moisture content  
of f i s h  meals is due to f l u c t u a t io n  in r e l a t i v e  humidity of 
the storage area.
Kolchev (56) stated that  hygroscopical humidity of  
storage rooms increases as the temperature decreases, inde­
pendent of  the r e l a t i v e  humidity of  a i r .  Fungi attacked  
the stored f i s h  meal a t  moisture contents greater  than 183S. 
Therefore ,  the i n i t i a l  moisture of  f i s h  meals should not 
Increase more than 10 to 11% (4 4 ) .
Mossel e t  a l . (67)  recommended use of temperatures 
above 80°C in production of  f i sh  meals or f i sh er y  byproducts.  
This elevated temperature lowered b ac te r ia l  concentrat ions
g
by a f ac to r  o f  10 and s i g n i f i c a n t l y ,  permitted destruct ion  
of Salmonel1 a . Proper methods of  processing and adequate 
storage condit ions are necessary to prevent d e te r io r a t ion  
of the f i shery  product ( 5 ,  7 ) .  Data indicated above show 
the need fo r  inves t igat ions  of hygroscopic propert ies and 
storage e f f e c t  of  shrimp waste prote in  processed from 
shrimp waste e f f l u e n t  as a measurement fo r  the changes that  
might occur during storage.
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N u t r i t i o n a l  Evaluat ion of Proteins  
from Fishery Products
Protein from f ish er y  products and byproducts such as 
f i sh  meals, condensed f i s h  so lubles ,  f i s h  protein concen­
t r a t e ,  and proteins from crude waste meal of crab and 
shrimp, are exce l le nt  sources of protein in view of t h e i r  
higher protein  content and q u a l i t y  (70,  4 5 ) .  The amino 
acid const i tuents of f i s h  prote in  are of p a r t i c u l a r  impor­
tance when incorporated in to  a d i e t  of p lant  protein such 
as ze in ,  soybean p ro te in ,  cottonseed meal and gluten (89,  
38) .  Fish proteins can correct  the def ic iency in amino 
acids of p lant  pro te ins ,  which f a i l  to provide the minimal 
requirements of the essent ia l  amino acid const i tuents (46,  
37 ) .  Growth and b io logica l  funct ions 1n animals are depen­
dent on prote in  q u a l i t y  ra the r  than prote in  quant i ty  (22,  
95) .
Diakov (30) ranked p lant  proteins on the basis of  
bio log ica l  va lue ,  from barley the highest ,  fol lowed by 
maize,  soybean and yeas t .  Grau (41)  and Wil l iams (42) con­
sidered that  f i sh  meals d i f f e r  in b io log ica l  value when i n ­
corporated in to  d ie ts .  A hundred samples of commercial 
f i s h  meals from d i f f e r e n t  species,  I . e . ,  sardine,  her r ing ,  
rosef ish menhaden, and mackerel were evaluated n u t r i t i o n a l l y .  
Of these,  48 were considered as good sources of amino acids,  
while the remainder were f a i r  to poor. Fa i lu re  of the l a t ­
t e r  to approach high n u t r i t i v e  value is due to improper
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processing techniques used during preparat ion of these 
meals such as higher temperature,  and poor q u a l i t y  of raw 
mater ia l  (43,  8 5 ) .
Numerous a r t i c l e s  have discussed the n u t r i t i o n a l  
evaluat ion of f i s h  protein  concentrate and other f i sh er y  
products and byproducts. Only those studies per t in en t  to 
th is  study have been selected f o r  discussion.
Morrison ( 6 6 ) recommended addi t ion  of 2 to 3% of  
condensed f i s h  solubles to swine and poult ry r a t io n s ,  10 to 
15% f i sh  meal f o r  c a t t l e ,  and 10 to 19% of shrimp meal for  
cows d i e t ,  to Improve the n u t r i t i o n a l  value of  the ra t io n s .  
Claggett  and Wong (21) used a level  of 5% meal from salmon 
cannery waste 1n the d i e t .  Alum a t  0 .5  and 1 . 0% used to 
concentrate the waste,  had no e f f e c t  on growth of chicks.  
Levels higher than 5% of the recovered meal resul ted 1n 
poor growth. Davies (24)  mentioned th at  the level  of  sup­
plementation of meals from f ish ery  products as protein con­
tent  in d ie t s ,  var ies from one meal to another,  and is de­
pendent upon the source of  supplementation,  type of d i e t ,  
tested animals,  and chemical composition of  the meal.
Day and H i l l  (25)  supplemented soybean d ie ts fo r  
b ro i l e r s  with f i s h  meal from the species Mlcropogon undla-  
t u s . Diets containing leve ls  of 2.5% and 50% of f i s h  meal 
were n u t r i t i o n a l l y  equiva len t .  Higher feed conversions 
were obtained fo r  hens over a period of  one year with soy­
bean diets containing 5 to 20% f i s h  meal.
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Cravioto e t  a l .  (23)  supplemented t o r t i l l a  f lo u r  
with f i s h  meals a t  leve ls  of  102 protein 1n a basic d i e t  
fo r  r a t s .  Weight gain Increased 1n three d ie ts  and de­
creased in the fo ur th .  The l a t t e r ,  prepared a t  elevated  
temperature,  resul ted  in a poor q u a l i t y  of  protein source 
due to destruct ion  of the su l fu r -co n ta in ing  amino acids.
Munro e t  a l .  ( 6 8 ) supplemented a cereal  d i e t  of  10% 
protein with 5% FPC Incorporated In to  d ie ts  fed to ra ts .
PER values recorded fo r  the ra ts were 0 .8 2 ,  2.26 and 2.62 
for  the cereal  d i e t ,  cereal  d i e t  supplemented with FPC and 
casein as a reference d i e t ,  r e sp ec t ive ly .
A s i m i l a r  study by Parkins e t  a l .  (73) showed that  
mixing wheat f l o u r  with f i s h  f lakes  a t  the r a t io s  of 7:1 to 
12:1 and fed to t e s t  animals ( r a t s )  provided prote in  leve ls  
of 22 to 27% depending on the type of  wheat used. PER 
values were reported as 2 .14-2 .51  fo r  the various d ie ts ;
2.50 fo r  casein;  3.30 f o r  f i sh  f lakes  d i e t  and 0.39 fo r  the 
gluten .
Kwee e t  a l .  (57)  supplemented pasta ( r i c e ,  corn,  soy­
bean, tapioca and other vegetables)  with FPC at  levels  of  
10 to 20%. A l l  d ie ts  showed s i g n i f i c a n t  Increases In PER 
values when supplemented with FPC. S t H H n g s  e t  a l .  (87)  
tested the n u t r i t i v e  value of wheat f l o u r  f o r t i f i e d  with  
e i t h e r  FPC (0 to 25%) or lys ine  (0.1 to 1.0%) 1n d ie ts  a t  
d i f f e r e n t  leve ls  of  supplementation.  F i f t een  percent FPC 
and 0 .2  to 0.4% lys ine 1n d ie ts  (1.6% N) gave higher PER
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values than those supplemented with lys ine alone.
Jansen (49)  and Jansen et  a l .  (50) used 3 and 6% of 
f i sh  meal in d ie ts  supplemented with 0.2 and 0.4% lys ine  
and 0.15% threonine ,  with ra ts  as the te s t  animals.  Com*
pared with reference d ie ts  y ie ld in g  PER values of 85 and
100 fo r  casein and egg white re s p e c t i v e ly ,  as recommended 
by Derse ( 2 8 ) ,  Jansen and his co-workers obtained PER 
values of 15 fo r  bread alone,  and 34 and 47 fo r  diets con­
ta in ing  3% and 6% of FPC, re s p e c t ive ly .  Addit ion of 0.2%
lys ine  to the 6 % FPC d i e t  increased the PER value from 47
to 69; the same amount o f  lys ine added to the 3% FPC d ie t  
Increased the PER value from 34 to 6 6 . I t  was concluded 
that  the n u t r i t i o n a l  q u a l i t y  of  d ie t a r y  protein Is depen­
dent on the r a t i o ,  or balance,  of  the l i m i t i n g  amino acids 
and not on the source of  the amino acids.
Dubrow and S t i l l l n g s  (34) and S t i l l i n g s  (85,  8 6 ) 
suggested that  FPC should be supplemented with cyst ine and 
methionine.  The l a t t e r  are considered as the two l i m i t i n g  
amino ac ids ,  es pec ia l ly  i f  FPC 1s prepared with the use of  
high temperature causing dest ruct ion  of both amino acids.  
Maximal PER values were obtained 1n d ie ts  supplemented with  
FPC when methionine was added in adequate amounts (0.2%) to 
meet the recommended proport ions of essent ia l  amino acids 
fo r  growth and b io log ica l  funct ions as reported by the 
National  Academy of  Sciences (69)  and Rama Rao et  a l .  ( 7 4 ) .  
Uilgus (94)  suggested th a t  for  b e t t e r  b io log ica l  e f f i c i e n c y
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of d ie ts  fo r  non-rum1nant animals of a l l  ages, d ie ts  should 
be formulated on the basis o f  amino acid adequacy ra ther  
than prote in  l e v e l .  The excess of amino a d d s  1n diets  
might depress growth or cause other amino a d d s  to be r e ­
quired fo r  maintaining a balanced r a t i o  in the formulated  
d i e t ,  i f  maximal growth and proper b io log ica l  funct ions are 
to be achieved ( 3 2 ) .
Makdanl e t  a l .  (64) studied the n u t r i t i v e  value of  
several  commercial ly a v a i l a b le  f i sh  protein concentrates,  
using casein as the reference protein and weanling male a l ­
bino ra ts as the t e s t  animals,  to determine the e f f e c t  of  
h is t id i n e  and methionine supplementation of the FPC d ie ts  
on ra t  growth. The FPC d ie ts  contained d i f f e r e n t  leve ls  of  
methionine,  h i s t i d i n e ,  and a combination of both amino 
a d d s .  The re su l t in g  PER values Indicated th a t  e i th er  h i s ­
t i d i n e  or methionine supplementation alone Induced an equal  
growth response with the FPC d ie ts ;  however, since h i s t i d i n e  
plus methionine supplementation f u r t h e r  Increased the weight  
gains,  I t  was concluded th a t  h i s t i d i n e  and methionine were 
co!1m1t1ng in the FPC d ie t s .
N u t r i t i o n a l  evaluat ion  of shrimp waste protein 1s 
needed, as wel l  as chemical and physical  c h a r a c te r i z a t io n ,  
to J u s t i f y  I t s  value as a high q u a l i t y  protein per se, or 
as an Important source of protein  fo r  supplementing vege­
tab le  pro te ins ,  as f o r  example, prote in  from soybeans, the 
production of which 1s Important to the a g r i c u l t u r a l
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economy of Louisiana.  The Incorporat ion of shrimp waste 
protein 1n d ie ts  containing vegetable protein can be ex­
pected to Increase the b io log ica l  e f f i c i e n c y  of the d i e t s ,  
since Sldwell  e t  a l .  (77) found that  the addi t ion  of f ish  
proteins to d ie ts  containing soybeans increased the value  
of  soybean d ie t s  for  growth and b io log ica l  funct ions .
MATERIAL AND METHODS
Source of  Raw M a t e r i a l :
Across the Mississippi  r i v e r  from the c i t y  of  New 
Orleans,  at  Westwego, Louisiana,  a shrimp canning p lant  
is located.  In processing shrimp at  th is  p la n t ,  some 
70,000 gallons of  water each hour are u t i l i z e d  in the 
various stages of  the canning operat ion.  Most of the 
proteinaceous waste mater ia l  is in the form of  solubles 
in the plant  e f f l u e n t .  Pre l iminary analyses ind ica ted ,  
that  on the basis of weight ,  the t o ta l  sol ids content of  
the e f f l u e n t  was approximately 0 .7$.
At th is  p lant  the canning of shrimp is seasonal.
In the cooler months of the year ,  the season usual ly  
begins in September and las ts  through January. There is 
another shorter season, usual ly l a s t in g  about two months 
from mid-Apri l  u n t i l  mid-June.
From the discharge of  the shrimp cannery,  
representat ive  samples of  e f f l u e n t  were co l lected  in 
December 1970. The species then being processed was 
predominately the brown shrimp, Penaeus az tecus, from the 
Gulf of Mexico. By means of  a por tab le  e l e c t r i c  pump 
equipped with f l e x i b l e  hose, approximately 700 gal lons of  
shrimp waste e f f l u e n t  at  60-65°C were co l lected  over a 
30 minute period into fourteen 55 -ga l lo n ,  open-top
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'po lyethy lene  drums. The pH of the e f f l u e n t  samples 
measured with a portable pH meter {Sargent,  M 434-298)  
varied from 7.2 to 7 .4 .
Separation of Crude Shrimp Waste P r o t e i n :
The samples of s t i l l -w a r m  e f f l u e n t  were brought to 
the i s o e l e c t r i c  point  by addi t ion of concentrated,  tech­
nical  grade hydrochlor ic acid (30% HC1). By means of a 
10 0 -ml graduated c y l in d e r ,  the acid was added manually 
over a period of  about 15 minutes in 1- to 2-ml port ions  
to each 50-gal lon  sample of e f f l u e n t  which was ag i tated  
manually with a wooden s t i r r e r .  The to ta l  amount of acid 
required fo r  each sample varied from 10 ml to 15 ml.
At the i s o e l e c t r i c  point  the pH values ranged from 4.4 to 
4.7 fo r  the d i f f e r e n t  samples. S t i r r i n g  was continued 
fo r  a few minutes a f t e r  addi t ion of the acid.  Each 
sample was al lowed to stand about 45 minutes to permit  
set t lement  of  the suspended f i n e ly - d i v id e d  proteinaceous 
m a t e r ia l .  Following t h i s ,  a layer  of  l ight-brown f l o c -  
culent  m a t e r i a l ,  about 2 cm t h ic k ,  f loa ted  on the surface 
of the a c i d i f i e d  e f f l u e n t ,  whi le a layer  of l ight-brown  
sediment 3 or 4 cm deep had s e t t le d  on the bottom of the 
polyethylene drum. The f l o a t i n g  mater ia l  was skimmed o f f  
and poured in to  a 5 -gal lon  polyethlene wide-mouthed 
screw-cap carboy. The supernatant l iq u id  above the sedi ­
ment in the drum was removed by means of the e l e c t r i c  
pump and discarded.  The- s lu r r y  containing the sediment
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was poured from the drum into the carboy. The fourteen  
50-gal lon samples of  e f f l u e n t  yielded seven carboys 
containing a t o ta l  of  about 35 gal lons of brown colored 
s lu r r y ;  these were transported on the day of co l le c t ion  
from Westwego to Ba,ton Rouge. In Baton Rouge, the car ­
boys of s lu r r y  were stored a t  -20°F in a f re e z e r  in the 
LSU Food Science Department fo r  about two weeks.
The frozen samples of  s lur r y  were thawed overnight  
at  room temperature.  The water was removed by processing 
the mater ia l  at  atmospheric pressure in a small counter-  
current  double-drum d r i e r  (Type 053-VIH-18,  Reliance 
E l e c t r i c  and Engineering Company). D i rect  steam at  33-35 
psi (256-260°F)  was used in the drying operat ion.  The 
f i n a l  dried mater ia l  was a 1 i g h t - t e x t u r e d , f l u f f y ,  hygro­
scopic,  brown s o l id .  Approximately two kilograms of th is  
mater ia l  was obtained from the 35 gal lons of s l u r r y .  The 
very l i g h t  and porous nature of  th is  product is indicated  
in tha t  200 grams of  i t  occupied a volume of about one 
l i t e r .  This proteinaceous substance, or shrimp waste 
protein (SWP), was stored at  room temperature in f ive  
moisture-proof ,  2 - l i t e r ,  polyethylene screw-capped con­
tainers  .
Proximate Analysis of  Shrimp Haste Protein  
Twelve 20g a l iquots  of  SWP were removed from the f i v e  
2 - l i t e r  polyethylene containers ,  with two a l iquots  being 
taken frr>m each of  three containers,  and three al iquots
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from each of the other two containers.  The twelve 
al iquots  were stored separately at  room temperature in 
glass bot t les  f i t t e d  with ground-glass stoppers p r io r  to 
the removal of appropr iate amounts of SWP for  moisture,  
ash, f a t ,  crude f i b e r ,  macro Kjeldahl  n i t rogen,  and 
ca lo r ic  determinat ions.
For the moisture determinat ion,  twelve lOg samples 
were weighed separately in to  a dozen 50-ml tared aluminum 
moisture pans f i t t e d  with covers. The uncovered pans 
containing the weighed samples were placed in a vacuum 
oven and dried fo r  four hours at  105°C with the pressure 
reduced to 50 mm Hg. The samples were removed from the 
oven, al lowed to cool fo r  one hour in a des iccator ,  and 
weighed; the samples were replaced in the oven and drying  
was continued for  an addi t iona l  90 minutes a t  the same 
temperature and pressure,or  u n t i l  constant weight was 
a t t a i  ned.
The ash content of SWP was determined according to 
the general procedure out l ined in AOAC sp eci f i ca t ion  No. 
31.102 (12) with the exception tha t  porcelain crucibles  
instead of platinum dishes were used to contain the sam­
ples.  Twelve 2g samples were weighed in d i v i d u a l l y  into  
twelve tared 25-ml porce la in  cruc ib les .  To each sample 
was added a few drops of  pure o l i v e  o i l  to prevent scat ­
ter ing  of  the l i g h t ,  f l u f f y  m a te r ia l .  The crucibles were 
then heated slowly over an open flame u n t i l  the samples 
were thoroughly charred.  The samples were placed in a
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muff le furnace and heated a t  1 00 00F fo r  about four hours 
u n t i l  a white ash was obtained.  The crucibles were r e ­
moved from the furnace,  allowed to cool in a des iccator ,  
and were then weighed. They were re-ashed in the muff le  
furnace at  1000°F to constant weight.
Fat was extracted from SWP by means of reagent  
grade acetone (Baker) .  An 8 g sample of SWP was weighed 
into each of twelve tared paper ex t ract ion  thimbles,  
previously dried in a vacuum oven under reduced pressure 
at  60°C and 50 mm Hg. Each sample was covered with a 
l ayer  of  cotton and ext racted with acetone in a cont in­
uous ex t ra ct ion  apparatus fo r  16 hours. The acetone was 
then removed by d i s t i l l a t i o n  un t i l  the residue in the 
ex t ra ct io n  f l a s k  amounted to about 10 ml. The residues 
were t rans fer red  i n d i v i d u a l l y  into corresponding 100 -ml 
tared beakers. The f lasks were then washed f re e  of a l l  
o i l  with fresh acetone,  and the washings were added to 
the beakers. Host o f  the solvent was evaporated with a 
current  of warm a i r ;  the beakers were then placed in a 
vacuum oven and drying was continued under reduced pres­
sure at  80°C and 75 mm Hg fo r  one hour. The samples were 
t rans fer red  fo a des iccator ,  cooled and weighed.
Crude f i b e r  was determined by ext ract ing  twelve 
2g a l iquots  of SWP with petroleum e ther ,  b.p.  30-60°C 
(Hal 1in c kr o d t ) ,  and then digest ing the defat ted product
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with 1.25% s u l f u r ic  acid for  30 minutes according to AOAC 
procedure No. 7.057 (1 2 ) .
The protein content was determined by analyzing  
twelve a l iquots  of SWP for  ni t rogen by the macro Kjeldahl  
procedure,  and mu l t ip ly ing  the nitrogen value by 6 .25.
The gross energy values,  or c a l o r i e s ,  were 
determined by i g n i t i n g  separately in an atmosphere of  
oxygen at  20 atmospheres pressure,  twelve a l iquots of  SWP 
in a Parr oxygen bomb ca lor imeter .
Proximate analysis of ANRC casein (S h e f f i e ld  
Chemical) and iso la ted  soybean p ro te in ,  or ISP,
(Promine-D; Central  Soya) l ikewise  were made for  moisture,  
ash, f a t ,  crude f i b e r ,  p ro te in ,  and ca lo r ie s .
The an a ly t ic a l  data together with the various 
corresponding means, standard dev ia t io ns ,  and c o e f f i ­
c ients of v a r i a t i o n ,  re su l t in g  from the proximate 
analyses of the twelve a l iquots  of  SWP are given in Table 
l a ,  (Appendix).  The proximate compositions of ANRC 
casein and ISP are given in Table 2a, (Appendix).
Amino Acid Analyses. The amino acid contents of  
SWP were determined by conventional methods using a 
Beckman Model 116 Amino Acid Analyzer.  Approximately 
100 mg of defat ted SWP, prepared in the usual manner by 
ex tra ct ion  with petroleum e th e r ,  was weighed into each of  
two hydrolysis tubes. The mater ia l  in each tube was 
t reated  with about 6 ml of  6N HC1, then frozen under
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vacuum, thawed, and ref rozen under vacuum to remove any 
entrapped a i r .  The two samples were hydrolyzed for  22 
hours under vacuum at  105°C. The hydrolyzate was f i l ­
t e red ,  the pH was adjusted to 2.2 with 6N NaOH, the solu­
t ion  was concentrated under vacuum and then brought to 
volume with a buf fe r  s o lu t io n ,  the pH of which was 2 .2 .  
Aliquots of  0 .2  ml were in jected  into the columns fo r  
ana lys is .  Seventeen amino ac ids ,  namely, a lan ine ,  
a r g in in e ,  aspar t ic  ac id ,  ha l f  cyst in e ,  g lyc ine ,  glutamic  
acid ,  h i s t i d i n e ,  iso leuc ine ,  l euc ine ,  l y s in e ,  methionine,  
phenylalanine,  p r o l i n e ,  se r ine ,  threonine,  tyros ine ,  and 
va l ine  were determined by this procudure. Tryptophan was 
determined by hydrolyzing 10 mg of  defat ted  SWP with 19N 
s u l f u r i c  acid and t r e a t i n g  with p-dimethylaminobenzaldehyde 
according to the method of  Spies and Chambers (79 ,  80) .
The react ion  with a 0.04% sodium n i t r a t e  aqueous solut ion  
occurred wi th in  30 minutes. The in t e n s i t y  of the r e s u l t ­
ing c o lo r ,  measured by means of a Model DB Beckman Spec­
trophotometer at  590 my, was compared with that  of  a 
tryptophan standard prepared under the same condi t ions.
The resu l ts  of the amino acid analyses are given in 
Table 6 .
Bio logical  Evaluation of  Protein Q u a l i t y . The 
protein e f f i c i e n c y  r a t i o  (PER), which is the weight gain 
per weight of protein eaten,  was determined for  three  
pro te ins ,  ANRC casein,  SWP, ISP, and a protein mixture
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consist ing of equal par ts ,  by weight ,  of SWP and ISP.
The proteins were evaluated according to AOAC O f f i c i a l  
Methods of Analysis ( 1 2 ) ,  sp e c i f ic a t ion  Nos. 39.166 
through 39.170.  Each sample to be evaluated was i n ­
corporated into a basal d ie t  to provide a 10% level  of  
protein which was computed according to the i n t e r r e l a ­
t ionships among d ie ta ry  components indicated in Table 1 
below.
On the basis of proximate ana lys is ,  the d ie ts  
were equal ized with respect to moisture,  f a t ,  ash, and 
crude f i b e r .  A l l  d iets were supplemented with vitamins 
and minerals known to be adequate for  the r a t .  The 
computed amounts of  the seven ingredients incorporated  
into the four d ie ts  are given in Table 2.
A s ingle batch,  s u f f i c i e n t  fo r  the en t i re  
experiment,  of each d ie t  was compounded; the batch for  
Diet  1, which contained casein,  amounted to 6 ki lograms,  
whereas the batches fo r  Diets 2, 3,  and 4 each amounted 
to 4.5 ki lograms.
Appropriate amounts of  the f i v e  dry ingredients ,  
namely, s a l t  mix ture,  vi tamin mixture,  corn s tarch ,  
c e l lu lo s e ,  and p r o te in ,  were placed in a bal l  m i l l  where 
they were mixed fo r  one hour. The re su l t in g  product ,  a 
homogeneous powder f re e  of large p a r t i c l e s ,  was t r a n s ­
fer red  to a large polyethylene bowl.
The required amounts of o i l  and water were 
vigorously mixed together in a 1 - l i t e r  beaker and quickly
32
TABLE 1
INTERRELATIONSHIPS AMONG COMPONENTS 
IN PROTEIN EVALUATION DIET
Components g/lOOg d ie t
Casein, SWP, ISP, or 
SWP-ISP mixture
X to provide 10 grams of  protein
Cottonseed o i l 8 -  ((X x %  ether e x t ra c t^ ) / 1 0 0 )
2
S a l t  mixture 5 -  ((X x %  a s h ) / l 00)
2
Vitamin mixture 1
Cel lulose 1 -  ((X x %  crude f i b e r ) / 1 0 0 )
Water 5 - ((X x %  mo1sture) / l00)
Corn starch To make 100
1
A l l  percentage f igures  r e f e r  to the proximate 
composition of  the sample.
2
The compositions of  the s a l t  mixture and the v i t a ­




COMPUTED PROPORTIONS OF INGREDIENTS 
IN THE FOUR DIETS 
(g ingredient /kg  d i e t )











Protein sample 115.76 169.49 108.33 132.23
Cottonseed o i l 79.99 51.24 80.00 68.79
Salt  mixture 47.29 39.27 45.10 43.49
Vitamin mixture 1 0 .0 0 10 .00 10 .00 10 .00
Cel lulose 1 0 .0 0 7.25 10 .00 8.92
Water 45.59 33.05 45.13 40.41
Corn starch 691.37 689.70 701.44 696.16
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poured with manual s t i r r i n g  onto the mixture of  dry ingre ­
dients in the polyethylene bowl, taking care to remove any 
l i q u id  adhering to the wal ls of the beaker by the addi t ion  
and removal of  small port ions of the dry mixture.  The en­
t i r e  mixture was kneaded manually fo r  a few minutes. I t  
was then mechanically s t i r r e d  with a KitchenAid e l e c t r i c  
mixer for  30 minutes to insure uniform d is t r i b u t i o n  of o i l  
and water throughout the mixture.
Each batch of compounded d i e t  was t rans fe r re d  to 
moisture-proof  polyethylene bags which were securely closed 
to prevent access of a i r .  The batches of compounded i n ­
gredients were stored a t  40°F u n t i l  used in the assay 
period.
The uni formity  of  the d i f f e r e n t  batches was i n d i ­
cated by the Kjeldahl ni t rogen values and the Parr bomb 
ca lor im et r ic  measurements which were:
___________ Diet  No.____________
1 2 3 4
Percent nitrogen 1.60 1.60 1.61 1.60
Calorles/gram 4076 4005 4035 4017
In the animal experiments,  four tes t  groups of  
10 weanl ing,  male, a lbino  rats o f  the Carworth Farms CFE 
s t r a in  were used. The animals were housed I n d i v i d u a l l y  
in screen-bottom cages in an a i r  condit ioned room, the 
temperature of  which was th erm os ta t ica l ly  contro l led  a t
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23°C. Food and d i s t i l l e d  water were of fered  ad l i b i t u m ; 
food intakes and weight gains of each animal were r e ­
corded every three days.
F o r t y - f i v e  22-day old animals,  ranging in weight  
from 53.0 to 59.5 grams, underwent a 3-day accl imation  
period in the laboratory .  During th is  time a l l  animals 
received the same standard basal d ie t  which contained 10 
percent p ro te in ,  present as ANRC reference casein.  The 
composition of th is  d ie t  was the same as Diet  1 which is 
shown in Table 2.
The average amount of standard d i e t  consumed 
during the accl imat ion period was 8 . 5 g / r a t / d a y , and the 
average gain in weight was 3 . 3 g / r a t / d a y . At the end of 
the accl imat ion period the weights of the rats var ied  
from 65 to 75 grams. The average weight was 69.6 ±
2 .6  grams.
Among the group of  45 accl imated r a t s ,  two of the 
l a r g e s t ,  two of the smal lest ,  and one median animal were 
excluded from the assay period.  The remaining 40 rats  
were assembled into four groups of ten animals each 
according to AOAC s p ec i f i ca t ion  No. 39 .1 68 ,  namely, the 
t o ta l  number of  rats in each group must be the same, and 
the average weight of the ra ts  in any one group on the 
beginning day of  the assay period must not exceed by more 
than f i v e  grams the average weight of  the rats in any 
other group. The ranges of weights of the ind ividual
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rats in each of  the assembled groups and the corresponding 
average weights of the ra ts  in these groups were:
Weights of Acclimated Rats in Grams 
Group 1 Group 2 Group 3 Group 4
Range 67 - 73 66 -  72 65 - 75 66 - 75
Average 69.3 68.7 69.7 71.1
For 28 days each group received one of the four  tes t  
d ie t s .  Groups 1, 2,  3,  and 4 of the rats rece ived,  
r e s p e c t iv e ly ,  Diets 1 ( ca s e in ) ,  2 (SWP), 3 ( I S P ) ,  and 
4 (SWP-ISP mix ture ) .
In Tables 3a, 4a,  and 5a, r e s p e c t i v e ly ,  (Appendix) 
are given fo r  each r a t  the amounts of  food consumed 
during the 28-day assay per iod,  the corresponding gains 
in weight ,  and the ca lcu la ted PER values.
At the end of the assay period the ra ts  were 
k i l l e d  with chloroform. Their  l i v e r s  were removed, 
weighed, and the r a t i o  of l i v e r  weight to body weight  
calculated fo r  each r a t .  The weights of the indiv idua l  
ra t  l i v e r s  are given in Table 6a (Appendix).  The l i v e r  
weight/body weight, ra t ios  are given in Table 7a (Appendix).
The ra t  l i v e r s  were combined into four  groups,  
each of which contained 10 l i v e r s  according to the d ie ts  
the animals had received during the assay per iod.  The 
l i v e r s  thus combined were stored a t  -20°F u n t i l  they were 
f r e e z e - d r i e d .  A f te r  removal o f  moisture,  the ten l i v e r s  
in each group were pulver ized with a glass rod in a
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27 x TOO mm o.d .  Pyrex dish.  For determinat ion of f a t  
content,  three 3g a l iqu ots  of mater ia l  from each of the 
four groups were removed and ext racted in the usual man­
ner with d ie thy l  e ther .  For the macro Kjeldahl  nitrogen  
determinat ion , three O. lg al iquots were removed, and fo r  
the moisture determinat ion ,  two 2g a l iquots  were taken.
The moisture,  f a t ,  and ni trogen values of  the 
l i v e r s  corresponding to the four d i f f e r e n t  diets are 
given in Table 8a (Appendix).
Hygroscopic Proper t ies of SWP and Defat ted SWP.
Two 5g samples each of SWP, and of defa t ted  SWP prepared 
by ex t ract ion  with petroleum ether ,  were weighed into  
tared 50-ml aluminum moisture pans which were then stored 
at room temperature in open a i r .  The weights of  the pans 
and contents were recorded da i ly  fo r  twelve consecutive  
days .
S imi lar  samples of SWP and defa t te d  SWP were kept 
at  room temperature in a closed container  equipped with a 
beaker of water to maintain the r e l a t i v e  humidity at  100%. 
The samples were weighed d a i ly  u n t i l  they at ta ined con­
stant  weight.  The hygroscopic resu l ts  are given in Table 
4 .
Mineral Analyses of  SWP. Samples of SWP were 
analyzed fo r  seven elements through the courtesy of 
Mrs. Jane Loustaunau, LSU Feed and F e r t i l i z e r  Laboratory.  
Calcium, magnesium, manganese, z i n c ,  and iron were
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determined by means of a Jarre l  Ash Atomic Absorption 
Spectrophotometer; phosphorus was determined in a Tecinon 
Auto Analyzer with vanadomolybdate so lut ion;  su l fur  was 
determined by means of a tu r b id im e t r ic  method (58 ) .
Bacter io logica l  Examinations of  SWP and Shrimp- 
cannery E f f l u e n t . The b a c te r io lo g ic a l  examinations of  
the shrimp-cannery raw e f f l u e n t ,  and of SWP iso la ted  
theref rom,  were conducted according to the procedure 
given for  standard plate count (SPC) in the Difco Manual 
(31)  using Bacto-Nutr ient  Agar. Two al iquots each of SWP 
and e f f l u e n t  were taken f o r  to ta l  b a c te r i a l  count in the 
medium which was incubated at  30°C f o r  48 hours.
Total  Solids in Shrimp Cannery E f f l u e n t . In 
December 1970 when the samples of raw e f f l u e n t  were 
c o l le c te d ,  the shrimp cannery was in operation six or 
eig ht  hours each day, depending upon the a v a i l a b i l i t y  
of  shrimp. The processing operations began a t  six  
o'clock  in the morning and continued into the afternoon.
In order to estimate the uni formity  of  the t o t a l  sol ids  
content of the e f f lu e n t  throughout the day, 500-ml samples 
of e f f l u e n t  were co l lected  from the discharge pipe every 
30 minutes from the s t a r t  o f  the processing operations in 
the morning u n t i l  the cannery closed in the afternoon.
A t o t a l  of  13 samples of e f f l u e n t ,  represent ing a 
6.5-hour  processing day, were co l lected  in polyethylene  
b o t t l e s ;  these were transported the same day to the LSU
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Food Science laboratory where two 100-ml a l iquots were 
immediately removed from each sample. Each a l iqu o t  was 
placed in a tared 250-rnl Pyrex beaker which was heated 
gently almost to dryness. The beakers were then placed 
in a vacuum oven and drying was resumed under reduced 
pressure at  70°C and 100 mm Hg unt i l  the residue at ta ined  
constant weight.  The resul ts  of the t o t a l  sol ids d e t e r ­
mination are given in Table 3.
C l a r i f i c a t i o n  of E f f lu e n t  by Inorganic S a l t s .
From a representat i ve  2 -gal lon  sample of  shrimp-cannery 
e f f l u e n t ,  six 100-ml and two 90-ml a l iquots  were measured 
into e ig ht  graduated cyl inders f i t t e d  with rubber stop­
pers. From a f r e s h ly  prepared 0.1M aqueous solut ion of  
aluminum s u l f a t e ,  A l 2 ( S0^) 3 •18 H20,  10-ml portions were 
added to each of the two graduated cy l inders  containing  
90 ml o f  e f f l u e n t .  The cyl inders were stoppered and the 
contents were mixed by gent ly inver t in g  the cyl inders  
three or four t imes.  The pH of  the mixture was measured. 
The cy l inders  were al lowed to stand at  room temperature 
and the ra te  of c l a r i f i c a t i o n  was recorded at  the end of  
15 and 30 minutes.
S imi lp^ ly ,  two 2 -ml , two 4 -m l , and two 8 -ml 
portions of the 0 . 1M aluminum s u l fa te  solut ion were 
re spect ive ly  added to each of  the three remaining pairs  
of graduated cy l inders containing 100 -ml a l iquots of
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e f f l u e n t .  The pH of  each mixture was measured and the 
rates of  c l a r i f i c a t i o n  were recorded.
The concentrat ions of  the aluminum su l fa te  in the 
four pai rs of  mixtures corresponded roughly to 0.01M,  
0.008M, 0.004M, and 0.002M.
Determinations of the rates of  c l a r i f i c a t i o n  were 
repeated,  using in l i e u  of aluminum s u l f a t e ,  the same 
molar concentrat ions of  three other inorganic sa l ts :  
f e r r i c  c h lo r id e ,  FeClg*6 HgO; f e r r i c  s u l f a t e ,  FegfSO^Jg*
X HgO containing 7256 Fe2 (S0^)3 ; and sodium s i l i c a t e ,  
Na2Si^0g (water g la s s ) .
S imi lar  a l iquots  of  e f f l u e n t  were tested with a 
combination of 0 . 1M aluminum s u l fa te  and 0 . 1M f e r r i c  
chlor ide in equal proport ions to y i e l d  four pairs of 
mixtures in which the aluminum and f e r r i c  components each 
were present in m o la r i t i e s  of  (a) 0 , 0 0 1 , (b) 0 . 0 0 2 ,
(c)  0 .0 04 ,  and (d) 0 .005.
The resul ts  of  the c l a r i f i c a t i o n  tests are given 
in Table 5.
RESULTS AND DISCUSSION 
I s o la t i o n  and Character iza t ion  of SWP
Approximately two kilograms of shrimp waste p ro te in ,  
SWP, drum-dried at  124-127°C, was obtained from about 
2,650 l i t e r s  of shrimp cannery e f f l u e n t  a t  60°C by t r e a t ­
ment with a t o ta l  of approximately 175 ml of concentrated  
hydrochloric acid to pH 4 . 4 - 4 . 7 .  This amount of  SWP cor­
responded roughly to a y i e ld  of 0.75% on a weight/volume 
basis.  Proximate ana lysis of twelve a l iquots  of  SWP gave 
the a n a ly t ic a l  data presented in Table la (Appendix).  The 
moisture content  of SWP was 10.00 ± 0.51%^ and ranged from 
9.11 to 11.05%; the amount of ash corresponded to 6.33 ±  
0.28% and ranged from 5.92 to 6.75%; the protein level  
(6 .25 x percent ni t rogen in SWP) was 58.98 ± 1.46% and 
ranged from 55.56 to 60.56%; the f a t  content was 16.97 ± 
0.33% and ranged from 16.51 to 17.55%; and the crude f i b e r  
was estimated to be 1.62 ±  0.05% with the Ind iv idua l  values 
ranging from 1.53 to 1.71%.
The corresponding gross energy values,  c a l o r i e s /  
gram, ranged from 5098 to 5284 with the average being 
5170 ± 52 c a l / g .
^Numbers a f t e r  ± are standard dev ia t ion  of  the mean.
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The values of  the microminerals content were: 
calcium 0.465%; phosphorus 0.815%; su l fu r  0.415%; iron 
0.110%; magnesium 471 ppm; zinc 109.5 ppm; manganese 
18 ppm; and copper 17.5 ppm.
On the basis of  dry matter content ,  the menhaden 
f i sh  meal described by K i fer  et al.  (54) contained 180% 
more ash, 3% more p r o te in ,  and 28% less f a t  than the 
above character ized SWP. S i m i l a r l y ,  the menhaden f ish  
meal contained 11 - fo ld  more calcium, 359% more phos­
phorus, and 28- fo ld  more magnesium than SWP; in contrast ,  
SWP contained 28- fo ld  more i ron and 56% more copper than 
menhaden f i  sh meal.
The moisture,  ash, protein and f a t  values for  SWP 
a l l  l i e  wi th in  the ranges that  Garcia et  al. (39) reported  
in a study of  20 samples of f i sh  meals; the SWP values 
are also in the ranges reported by Canales (18) fo r  f ish  
meals from Peru.
The commercial shrimp meals analyzed by Brown (16)  
and Robinson (75) contained appreciably less protein and 
much more ash than the SWP obtained in the present study.
The smaller amounts of calcium, phosphorus, and 
magnesium in SWP, as compared with the qua nt i t ies  o f  
these elements in f i sh  meals, probably is due to the 
p r e c i p i t a t i o n  a t  the i s o e l e c t r i c  point  of SWP from shrimp 
cannery e f f l u e n t  a t  60°C. This is an elevated temperature 
that  would increase the s o l u b i l i t y  of  minerals,  whereas
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sources of f i s h  meal would contain appreciably larger  
qua nt i t ie s  of these minerals.  Undoubtedly the discarded 
warm supernatant e f f l u e n t ,  from which SWP had been removed, 
contained various soluble mineral  const i tuents .  In th is  
connection i t  is in te re s t in g  to note that  the calcium/  
phosphorus r a t i o  in SWP is 1 / 1 .7 5 ,  whereas in menhaden f i s h  
meal (39) the calcium/phosphorus r a t i o  is 1 /0 .5 6 7 ,  which is 
equivalent  to a phosphorus/calcium r a t i o  of 1 /1 .7 6 .
Total  bac te r ia l  counts for  shrimp cannery e f f l u e n t  
and SWP were determined by the standard p la te  count method 
using Nut r ient  Agar,  recommended in "Difco Manual" fo r  c u l ­
t i v a t i o n  of bacte r ia  not having high n u t r i t i o n a l  demand 
( 3 1 ) .  Concentrations of organisms in the e f f l u e n t  were 
1.4 x 106 /ml ,  whereas fo r  SWP the number was less than 
200 organisms/gram. These f indings agree with the obser­
vat ions of Mossel et  a l . (67)  on f i s h  byproducts meal from 
f i s h  s t ickwater  tha t  temperatures above 80°C used for  
drying f i s h  products r e s u l t  in lowered b ac te r i a l  concen-
5
t r a t io n s  by a f a c t o r  of 1 x 10 .
Usual ly the concentrat ion of t o t a l  sol ids in the 
shrimp cannery waste e f f l u e n t  does not exceed one 
percent .  Measurements of the amounts of t o ta l  sol ids in 
the e f f l u e n t  a t  Westwego were made on 13 consecutive 
samples co l lected  30 minutes apart  throughout a 6.5-hour
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processing day at the cannery. The resul ts are given in 
Table 3 below. Within 30 minutes a f t e r  the s t a r t  of plant  
operations the to ta l  sol ids in the e f f l u e n t  amounted to 
0.52%. During the next two and one-ha lf  hours the values 
f luc tua te d  between 0.48 to 0.60%; over the next 90 minutes 
the values rose to 0.90%, and then during the fo l lowing  
30 minutes dropped s l i g h t l y  to 0.86%, a f t e r  which, during 
the f i n a l  one and one -ha l f  hours when the operations were 
being shut down for the day, the values declined r a p i d ly ;  
the l a s t  three values f o r  the day were 0 .5 7 ,  0 .2 5 ,  and 
0.14%. The overal l  mean f o r  the day, th at  i s ,  the 
average of 13 values,  was 57%. Omitt ing the las t  two 
values,  the average value fo r  5.5 hours of operation was 
0.64%, as shown in Table 3.
The concentrat ion of  to ta l  sol ids in the e f f l u e n t  
is a f fected  by various fac tors  such as: the species of  
shrimp being processed; whether the shrimp are headed or 
she l l ed ,  or whether both headed and shel led are being 
processed; the type of equipment being used, that  i s ,  
whether manual peeling or mechanical peeling is being 
employed, and in consequence, the amount of water th a t  is 
required in the peeling operat ion.  Maximum values fo r  
t o ta l  sol ids in the e f f l u e n t  were obtained when the 
blanching waters were discharged,  since these are high in 
content of  proteinaceous and oleaginous mater ia ls (7 5 ) .
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TABLE 3
CHRONOLOGICAL VARIATIONS OF TOTAL SOLID 
IN SHRIMP CANNERY EFFLUENT1 




Total  sol ids (g/lOOml)
Al iq uot  No. Mean
I I I { I + I I ) / 2
0.5 0.5230 0.5201 0.5216
1.0 0.6299 0.6153 0.6227
1.5 0.4853 0.4782 0.4818
2 .0 0.4681 0.4890 0.4786
2.5 0.5851 0.5750 0.5800
3.0 0.6022 0.6032 0.6027
3.5 0.6219 0.6260 0.6240
4.0 0.8021 0.8039 0.8030
4.5 0.9018 0.9061 0.9040
5.0 0.8602 0.8620 0.8611
5.5 0.5706 0.5700 0.5703
6 .0 0.2605 0.2489 0.2547







e f f l u e n t  was steady a t  7 .15-7 .20
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Dai ly measurements were made of  the absorption of  
moisture from humid a i r  at  room temperature by samples of 
SWP and i t s  de fa t ted  product when these were exposed 
continuously fo r  twelve days to atmospheres of 100% 
r e l a t i v e  humidi ty,  and of  about 50%, which was the approx­
imate average r e l a t i v e  humidity of the open a i r .  At the 
s t a r t  of  the measurements the i n i t i a l  moisture content of  
the exposed sample of SWP was 10.00%; that  of  i t s  defat ted  
product was 6.60%. The d a i l y  increases in weight ,  ex­
pressed as percentages of the i n i t i a l  weights of the 
samples, are given in Table 4.
The sample of  SWP containing 10% moisture,  upon 
exposure to the open a i r ,  slowly increased in weight for  
eight  consecutive days u n t i l  i t s  gain in weight corre ­
sponded to 3.37%; during the next four days the value 
declined and f luctua ted  between 1.55 and 2.47%. The 
defat ted  product,  s i m i l a r l y  exposed, wi thin two days 
showed a 5% increase in weight which continued to 8.44% 
on the fourth day. On the sixth day the value had de­
creased to 5.72%; t h e r e a f te r  the value f luctuated  between 
4.77 and 5.96%. In open a i r  nei ther  SWP nor i t s  defat ted  
product was attacked by mold during the 12-day period;  
a f t e r  s ix  months exposure to open a i r  these samples s t i l l  
showed no signs of  mold a t tack .  In s t r i k in g  cont ras t ,  at  
room temperature and 100% r e l a t i v e  humidity,  mold ap­
peared on the defat ted  mater ia l  on the sixth day, and on
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TABLE 4
ABSORPTION OF MOISTURE FROM HUMID AIR 
BY OLEAGINOUS SWP AND BY DEFATTED SWP
Percent Increase in Weight During 12 Days
Days
of




Open A i r  
Relat ive
(ca.  50% 
Humidi tv )








1 7.39% 18.92% 0.23% 2.41%
2 14.72 24.72 0.17 5.02
3 18.86 30.44 0.27 5.41
4 23.30 34.31 0.83 8.44
5 26.73 36.56 
3 7 . 541
1 .32 7.04
6 29.19 2.03 5.72
7 33.33 38.27 2 .2 2 5.37
8 3 5 . 931 39.11 3.37 4.77
9 37.45 40.21 2.47 5.50
10 40.77 41 .40 1 .55 4.86
11 42.18 41 .57 1 .82 5.96
12 42.25 41.70 1 .78 5.84
Mold attacked the samples.
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the SWP on the eighth day, when the increases in weight  
resp ect ive ly  were 37.54% and 35.93%. This f ind ing is in 
agreement with the observations of Kolchev (56) .
When exposed to a i r  a t  100% r e l a t i v e  humidity,  
samples of  SWP and defat ted SWP ra p id ly  increased in 
weight with the defat ted mater ia l  showing the large r  
i n i t i a l  gains.  Within three days the percentage increase  
for  defa t ted  SWP was 30.44%, whereas the corresponding 
value fo r  SWP was 18.84%. The increase in weight of the 
defat ted  SWP gradual ly  rose to 40.21% on the ninth day; 
t h e r e a f t e r  the value slowly climbed to 41.70%. Meanwhile,  
the SWP had a t ta ined a value of 29.19% on the s ix th day,  
40.77% on the tenth day, and 42.25% on the tw el f th  day.
The data in Table 4 ind icate  tha t  SWP is r e a d i ly  hygro­
scopic,  es pec ia l ly  when stored under very humid condi­
t ions .
In i s o la t in g  the SWP used in the present study,  
p r e c i p i t a t i o n  with hydrochlor ic acid was used because of 
i t s  convenient a v a i l a b i l i t y  and i t s  y i e ld ing  immediately 
a n u t r i t i o n a l l y  acceptable product.  More economically  
f e as ib le  procedures would be required in actual  l a rge -  
scale p lant  p rac t ice .  D i f f e r e n t  methodologies are a v a i l ­
able fo r  recovering proteinaceous mater ia l  from waste 
e f f l u e n t s .  Among these are:  lowering the pH of the
e f f l u e n t  to the i s o e l e c t r i c  point  of the p ro te in ;  heating  
s u f f i c i e n t l y  to cause coagulat ion and separat ion of the
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p ro te in ,  fol lowed by c e n t r i fu g a t io n ;  i n je c t in g  a i r  into  
the e f f l u e n t  to cause f l o t a t i o n  of  proteinaceous 
m a te r ia l ;  and coagulat ing the proteinaceous mater ial  by 
the addit ion of  various chemicals to n e u t r a l i z e  the charge 
of protein molecules.  Some pre l iminary  tests on shrimp 
cannery e f f l u e n t  were made using four inorganic s a l t s ,  
namely, aluminum s u l f a t e ,  f e r r i c  s u l f a t e ,  f e r r i c  ch lo r id e ,  
and sodium s i l i c a t e .  These sa l ts  are commonly used in 
the c l a r i f i c a t i o n  of f i s h  s t ickwate r .
The m o la r i t i e s  re su l t in g  when the appropr iate  
amounts of the 0.1M aqueous solut ions of the inorganic  
sal ts  were added to the e f f l u e n t ,  the r e s u l t in g  pH of  the 
e f f l u e n t ,  and the r e l a t i v e  i n t e n s i t y  of  c l a r i f i c a t i o n  as 
the p r e c i p i t a t e  s e t t l e d  during periods of 15 and 30 min­
utes,  are given in Table 5.
The most e f f e c t i v e  of  the agents tested were the 
two i ron s a l t s ,  f e r r i c  chlor ide  and f e r r i c  s u l f a t e .  When 
e i t h e r  of these was added to the e f f l u e n t  to y ie ld  a con­
centra t ion  tha t  was 0.002 molar with respect to the f e r r i c  
component, the e f f l u e n t  ra p id ly  c leared.  With f e r r i c  
c h lo r id e ,  75 and 87% c l a r i t y  was achieved a t  15 and 30 
minutes re s p e c t i v e ly ,  as compared with 55 and 63% c l a r i t y  
during the same periods using f e r r i c  s u l f a t e .  Although 
f e r r i c  chlor ide reduced the pH of the e f f l u e n t  from 7.2  
to 6 . 6 ,  whereas f e r r i c  s u l fa te  lowered i t  to 5 . 8 ,  the 
e f f e c t  of the chlor ide on c l a r i f i c a t i o n  of  the e f f l u e n t
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TABL E 5
CLARIFYING ACTION OF SELECTED INORGANIC SALTS 
ON SHRIMP WASTE EFFLUENT1
Ef fects Produced in E f f luen t
______________ b.y Addit ion of  Sa l t  _________
Salt  C l a r i f i c a t i o n
.£  dH of { %  of c lear  zone)
L J ?  E f f lu e n t  A f t e r  15 Af terEf f lue nt  30 Minutes Minutes
Alumi num 
s u l fa t e
Ferr ic  
su l fa te
a i 2 ( so4 ) 3
& FeCl3
Ferr ic  
chior i  de
Sodium 
si 1icate
0.002 5.6 5% 1 2 %
0.004 4.7 2 2
0.008 4.1 2 25
0.010 3.9 2 30
0.002 5.8 55 63
0.004 5.5 2 20
0.008 3.6 2 20
0.010 3.2 2 20
0 .0022 5.9 40 53
0.004 5.7 2 12
0.008 4.7 2 25
0.010 4 .4 2 40
0.002 6 .6 75 87
0.004 6.4 60 66
0.008 5.8 2 2
0.010 5.2 n i l . n i l .
0.002 6.5 n i l . n i l .
0.004 7.1 n i l . n i l .
0.008 8 .0 n i l . n i l .
0.010 8 .2 n i l . n i l .
1The pH of the untreated e f f l u e n t  was 7 .2 .
The aluminum and f e r r i c  components each were 
present in m o la r i t i e s  of 0 .001 ,  0 .002 ,  0 .004 ,  and 0.005
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was greater  than that  of the s u l f a t e .  Higher concentra­
tions of both f e r r i c  s a l ts  were less e f f e c t i v e  than were 
the lower concentrat ions.  These f ind ings are comparable 
with those reported by Takahashl et a l . (90) on f i s h  e f ­
f luent  using f e r r i c  c h lo r id e .  In s p i t e  of the e f f i ca cy  of  
f e r r i c  s a l t s  in c l a r i f y i n g  shrimp waste e f f l u e n t ,  the cor­
rosive proper t ies  of these sa l ts  and t h e i r  acce lera t ing  e f ­
fects on the development of  rancid f l a v o r  in dr ied  mater ia ls  
would c o n s t i tu te  serious obstacles to t h e i r  p rac t ica l  ap- 
pl i c a t i  ons.
At the lowest concentrat ions used, a mixture of 
aluminum s u l f a t e  and f e r r i c  chlor ide gave a c l a r i t y  of 40 
and 53% a t  15 and 30 minutes,  re spec t ive ly .
Aluminum s u l fa te  alone was r e l a t i v e l y  e f f e c t i v e  a t  
the highest  concentrat ion used, and the c l a r i t y  increased 
as the pH decl ined to 3 .9 .  This might be due to the disso­
c ia t ion  of the s a l t  in a r e l a t i v e l y  small volume of e f f l u e n t .  
The data d i f f e r  from those obtained f o r  salmon e f f l u e n t  by 
Claggett  and Wong (20,  21 ) ,  and for  f i s h  e f f l u e n t  by Taka- 
hashi et  a l . (90) and Dryden and Stern (33) .  The reasons 
for  these d i s s i m i l a r i t i e s  are not r e a d i l y  apparent;  however, 
aluminum s u l f a t e  could be of  use fo r  c l a r i f i c a t i o n  of f i sh  
and s h e l l f i s h  waste e f f lu e n t s  i f  used in addit ion  to other  
treatments such as those involving caust ic  soda, heating,  
or in combination with other chemicals.
Sodium s i l i c a t e  was i n e f f e c t i v e  at  any of  the
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concentrat ions tested fo r  binding and subsequent p r e c i p i t a ­
t ion  of  mater ia l  in the e f f l u e n t .
Biological  and N u t r i t io n a l  Evaluation of SWP
Defatted SWP was subjected to amino acid analyses by 
conventional methods. The resul ts  of these analyses are 
presented in Table 6. Inspection of the values obtained  
fo r  dup l icate  samples of SWP shows that  among the amino 
acids th a t  are considered to be essent ial  fo r  the growing 
r a t ,  d i f ferences  exceeding 1 0 %  occurred between dupl icates  
fo r  four amino acids,  namely, h i s t i d i n e ,  iso leuc ine ,  l ys in e ,  
and v a l in e .  Di f ferences between dupl icates for  the other  
six essent ia l  amino acids ranged from 2 . OSS fo r  arg in ine  to 
6.9% fo r  phenylalanine.
The n u t r i t i v e  value of  a protein depends p r im a r i ly  
upon i t s  a b i l i t y  to furnish  amino acids in an appropr iate  
pattern fo r  the economical synthesis of body t issue pro­
te in  and other nitrogenous substances essent ia l  to a 
l i v i n g  organism. The appropr iate pat tern of  indispen­
sable amino acids,  which is of ten ca l led  "the essent ial  
amino acid requirements,"  var ies from species to species.  
Rose and his associates (76) in t h e i r  c lass ic  experiments 
determined the amino acid requirements of  man. The Com­
mi t tee on Animal N u t r i t i o n  of the National Research Council  
published a report  (69)  on the n u t r ie n t  requirements of  
domestic animals.  The evaluat ion of protein n u t r i t i o n
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TABLE 6
AMINO ACID PROFILE OF SHRIMP WASTE PROTEIN
Amino acids/lOOq defat ted SWP
a a Sample Di f ference Mean Ami no acidsn * n «





Arg 4.441 4.529 0.088 2.0 4.485 3.72 6.31
His 1 .216 1 .487 0.271 22.3 1.352 1 .12 1 .90
H e 1.878 2.749 0.871 46.4 2.314 1 .92 3.26
Leu 5.225 5.522 0.297 5.7 5.374 4.46 7.57
Lys 3.997 4.774 0.777 19.4 4.386 3.64 6.17
Met 2.054 1 .982 -0 .072 - 3 .6 2.018 1.68 2.84
Phe 3.135 3.350 0.215 6.9 3.242 2.69 4.56
Thr 2.967 3.116 0.149 5.0 3.042 2.53 4.28
T ry 1 0.897 0.74 1 .26
Val 2.953 3.326 0.373 12.6 3.140 2.61 4.42
Non-essential  
Ala 3.829 3.681 -0 .148 -4 .0 3.755 3.12 5.29
Asp 7.396 7.869 0.473 6.4 7.632 6.34 10.74
Cys/2 0.809 1.445 0.636 78.6 1 .127 0.94 1 .59
Glu 11.189 10.776 -0 .413 -3 .8 10.982 9.12 15.46
Gly 3.129 2.959 -0 .170 -5 .7 3.044 2.53 4.29
Pro 2.406 2.474 0.068 2.8 2.440 2.03 3.44
Ser 3.239 3.193 -0 .046 -1 .4 3.216 2.67 4.53
Tyr 2.575 2.589 0.014 0.5 2.582 2.14 3.64
1
The tryptophan values obtained fo r  4 a l iquots  of  
defat ted  SWP were r e s p e c t i v e l y , 9368, 8353, 10156, and 
8000 yg tryptophan per g de fa t ted  SWP; these y ie lded a mean 
value corresponding to 0.897 ± O.Q98g tryptophan/g defat ted  
SWP.
5 4
was the subject  of a report  published by the Committee 
on Amino Acids of the National  Research Council (69 ) .
Rama Rao and co-workers (74) reported the percentages of  
l im i t i n g  amino acids fo r  each of 15 prote ins .  They 
pointed out tha t  the number of  l i m i t i n g  amino acids  
varies from protein to pro te in .  In casein,  fo r  example,  
they reported that  the amount of  su l fu r -c o n ta in ing  amino 
acids,  that  i s ,  methionine plus c y s t in e ,  is 78% of the 
amount required fo r  maximal growth and body nitrogen  
re ten t ion  of the growing r a t ,  and the corresponding 
values fo r  the amounts of threonine and lysine occurring  
in casein are 90 and 94% r e s p e c t iv e ly .  For soybean meal,  
Rama Rao et  a l . (74) reported the corresponding values of 
the l im i t i n g  amino acids to be: methionine plus cyst ine
72%; lys ine  76%; threonine 78%; and va l in e  97%.
S t i l l i n g s ,  Hammerle and Snyder (86) determined the 
sequence of l im i t i n g  amino acids in f i s h  protein concen­
t r a t e ,  FPC. From the resu l ts  of  t h e i r  studies they 
grouped the amino acids in FPC according to t h e i r  l i m i ­
t a t i o n ,  from greatest  to l e a s t ,  into four  groups: (1)  
methionine; (2)  h i s t i d i n e ,  tryptophan and threonine;
(3) v a l in e ,  iso leucine and phenylalanine;  and (4)  leuc ine ,  
lys ine and arg in ine .
In Table 7 are given the amino acid p r o f i l e s  of 
casein and SWP. The combined amounts of  methionine and 
cyst ine in SWP to ta l  4.43g/16g N which is the minimal 
amount, according to Rama Rao (74) ,  requi red fo r  maximal
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TABLE 7
COMPARISON OF SWP AND CASEIN 
AMINO ACID PROFILES
A A q A. A. / 1 6q nitroqen Di f ferencen  * M * Casein SWP Grams Percent
Essential
Arginine 4.07 6.31 2.24 55%
Hi s t id in e 3.02 1.90 -1 .1 2 -37
Isoleuci  ne 6.55 3.26 -3 .29 -50
Leucine 10.05 7.57 - 2 .4 8 -25
Lysine 8.01 6.17 -1 .84 -23
Methionine 3.08 2.84 - 0 .2 4 - 8
Phenylalanine 5.39 4.56 -0 .8 3 -15
Threoni ne 4.28 4.28 0.00 00
Tryptophan 1 .33 1 .26 -0 .07 - 5
Val ine 7.39 4.42 -2 .97 -40
Non-essential
Alanine 3.35 5.29 1 .94 58
Aspart ic acid 7.39 10.74 3.35 45
Cystine 0.38 1 .59 1 .21 318
Glutamic acid 23.05 15.46 -7 .59 -33
Glycine 1 .99 4.29 2.30 116
P r o l 1ne 11 .75 3.44 -8.31 -71
Seri ne 6.65 4.53 -2 .1 2 -32
Tyrosine 5.82 3.64 -2 .1 8 -37
56
growth under the spec i f ied  condi t ions;  the amount of  
threonine in SWP is the same as that  in casein.  Thus,
SWP is superior to casein with respect to the s u l f u r -  
containing amino acids and is equal to casein with respect  
to threonine content .  However, compared to casein,  SWP 
contained 50% less iso leuc ine ,  40% less v a l in e ,  37% less 
h i s t i d i n e ,  25% less leuc ine ,  and 23% less l ys in e .  SWP 
contained 55% more arg in ine  than casein.  These f indings  
would suggest that  SWP would not promote growth in the 
ra t  as e f f i c i e n t l y  as casein.
Because of the increasing importance of soybeans 
in the a g r i c u l t u r a l  economy of Louisiana,  the present  
study included a b io log ica l  evaluat ion of the protein  
q u a l i t y  of  an iso la ted  soybean p ro te in ,  ISP1 . In Table 8 
are given the amino acid p r o f i l e s  of casein and ISP. I t  
is r e a d i ly  apparent from an inspection of the percentage 
di f ferences  between the two proteins in the r ight -hand  
column of Table 8 t h a t ,  except fo r  tryptophan and phenyl­
a la n in e ,  ISP contains appreciably lesser amounts of the 
other essent ia l  amino acids than does casein.  These 
di f ferences ind ica te  that  ISP, H k e  SWP, would not promote 
growth in the r a t  as e f f i c i e n t l y  as casein.
Some prel iminary computations indicated that  a 
mixture consist ing of equal parts by weight of oleaginous 
SWP and ISP would, on the basis of each 16 grams of
Vromine-D ,  Central  Soya, Chicago, I l l i n o i s .
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TA BL E 8
COMPARISON OF ISP AND CASEIN 
AMINO ACID PROFILES
A A q A.A. /16q ni troqen Dif ferencen i n * Casein ISP Grams Percent
Essential
Arginine 4.07 7.8 3.73 92%
H is t id in e 3.02 2.5 -0.52 -17
Isoleucine 6.55 4.9 -1 .65 -25
Leucine 10.05 7.7 -2 .3 5 -23
Lysi ne 8.01 6.1 -1 .91 -24
Methioni ne 3.08 1.1 -1 .98 -64
Phenylalanine 5.39 5.4 0.01 0.2
Threonine 4.28 3.7 -0 .58 -14
Tryptophan 1.33 1 .4 0.07 5
Val i  ne 7.39 4.8 -2 .5 9 -35
Non-essential
Alani  ne 3.35 3.9 0.55 16
Aspart ic acid 7.39 11.9 4.51 61
Cystine 0.38 1.2 0.82 216
Glutamic acid 23.05 20.5 -2 .55 -11
Glycine 1.99 4.0 2.01 101
Prol ine 11.75 5.3 -6 .45 55
Serine 6.65 5.5 -1 .1 5 -17
Tyrosine 5.82 3.7 -2 .12 -36
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nitrogen contained in the SWP-ISP mixture,  provide a t r y p t o ­
phan content almost exac t ly  equal to that  of casein,  and a 
methionine + cyst ine content only 4% less than that  of 
casein.  Table 9 gives the amino acid p r o f i l e s  of casein 
and a prote in  mixture consist ing  of equal parts by weight  
of SWP and ISP; of each 16 grams of ni t rogen present in 
this mixture,  SWP would provide 6.24 grams, and ISP 9.76 
grams.
With respect to casein,  the SWP-ISP mixture con­
tained 37% less v a l in e ,  35% less i so leuc ine ,  25% less h i s t i ­
dine,  and 24% less each of leucine and ly s in e .  The mixture  
contained 77% more arg in ine  than casein.  These values for  
the essent ia l  amino acids Ind ica te  tha t  the SWP-ISP mixture,  
l ik e  each of i t s  const i tuent  p ro te ins ,  would not promote 
growth in the rats as e f f i c i e n t l y  as casein.
The essent ial  amino acid compositions of d i f f e r e n t  
samples of FPC prepared by isopropanol ex t ra ct ion  of  
seven species of f i s h ,  namely, red hake, A t l a n t i c  
menhaden, a l e w i f e ,  northern anchovy, A t l a n t i c  herr ing ,  
ocean pout,  and Moroccan sardine were reported by S idwe l l ,  
S t i l l i n g s  and Knobl ( 7 7 ) .  Dubrow and S t i l l i n g s  (34)  
determined the amino acid composition of FPC produced 
from cooking lean,  whole red hake before solvent e x t r a c ­
t ion .  S t i l l i n g s  (85) computed the average amino acid 
composition, based on 25 samples, of FPC that  was prepared 
from ground, raw, whole hake by ex t ra ct ion  with isopro­






T AB LE 9
COMPARISON OF SWP-ISP MIXTURE AND CASEIN
AMINO ACID PROFILES 
(g A.A. /16g ni t rogen)
A.A.
SWP--ISP Di f ferenceComponents Grams Percent
Casein SWP ISP Mix,
Essential
Argini  ne 4.07 2.45 + 4.76 = 7.21 3.14 77%
H i s t i d in e 3.02 0.74 + 1.53 = 2.27 -0.75 -25
Iso leucine 6.55 1 .27 + 2.99 = 4.26 -2 .29 -35
Leucine 10.05 2.95 + 4.70 = 7.65 -2 .4 0 -24
Lysine 8.01 2.40 + 3.72 = 6.12 -1 .89 -24
Methionine 3.08 1.11 + 0.67 = 1 .78 -1 .30 -42
Phenylalanine 5.39 1.77 + 3.29 = 5.06 -0.33 - 6
Threonine 4.28 1.67 + 2.26 = 3.93 -0 .35 -  8
Tryptophan 1 .33 0.49 + 0.85 = 1.34 0.01 1
Val ine 7.39 1 .72 + 2.93 = 4.65 -2 .7 4 -37
Non-essential
Alanine 3.35 2.06 + 2.38 = 4.44 1.09 33
Aspart ic acid 7.39 4.18 + 7.26 = 11.44 4.05 55
Cystine 0.38 0.62 + 0.73 = 1 .35 0.97 255
Glutamic acid 23.05 6.03 +12.51 = 18.54 -4.51 -20
Glyci ne 1 .99 1.67 + 2.44 = 4.11 2.12 -107
Prol i  ne 11.75 1 .34 + 3.23 = 4.57 -7 .18 -61
Serine 6.65 1 .76 + 3.36 = 5.12 -1 .53 -23
Tyrosi  ne 5.82 1 .42 + 2.26 = 3.68 -2 .14 -37
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TABLE 1 0
COMPARISON OF SWP AND FPC AMINO ACID PROFILES
Grams A.A. /16q nitrogen
A.A. SWP
FPC {34)  
(cooked 
red hake)
FPC (85)  
(raw hake)
FPC (77)  
( A t l a n t i c  
menhaden)
Arginine 6.31 6.9 6.83 6.44
Cystine 1 .59 1.1 0.86 0.58
H is t i d in e 1.90 2.1 1.96 2.29
Iso leuci  ne 3.26 4.9 4.37 4.12
Leucine 7.57 8 .0 7.33 6.95
Lysi ne 6.17 8.4 8.29 7.89
Methionine 2.84 3.6 3.24 2.96
Phenylalanine 4.56 4.5 4.01 3.84
Threonine 4.28 4.6 4.33 3.96
Tryptophan 1 .26 1.1 0.97 1.11
Tryosi ne 3.64 3.21 3.00
Val ine 4.42 5.5 4.98 5.13
SWP Dif ferences per 16g ni trogen
FPC (34) FPC TS'ST' FPC (77 )
grams pet. grams pet. grams pet
Arg -0 .5 9 -8% -0 .52 - 8 % - 0 .1 3 - 2 %
Cys 0.49 45 0.73 85 1.01 174
His -0 .2 0 -10 -0 .06 -3 - 0 .3 9 -17
l i e -1 .6 4 -33 -1.11 -25 - 0 .8 6 -21
Leu -0 .4 3 -5 0.24 3 0.62 9
Lys -2 .2 3 -27 -2 .12 -26 -1 .72 -22
Met -0 .7 6 -21 -0 .40 -12 -0 .1 2 -4
Phe 0 ..06 1 0.55 14 0.72 19
Thr -0 .3 2 -7 -0 .0 5 -1 0.32 8
Try 0.16 15 0.29 29 0.15 14
Tyr 0.43 13 0.64 21
Val -1 .08 -20 -0 .5 6 -11 -0.71 -14
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p r o f i l e s  of  SWP and those of FPC from cooked red hake (3 4 ) ,  
raw, whole hake ( 8 5 ) ,  and A t l a n t i c  menhaden (77) .
Inspect ion of the percentage data 1n Table 10 by 
which SWP d i f f e r e d  from the FPC values shows that  four  amino 
acids ,  namely, c y s t ine ,  phenylalanine,  tryptophan and t y r o ­
sine co nsis tent ly  were present in larger  amounts in SWP than 
they were in FPC. The cyst ine content of SWP was 45%, 85%, 
and 174% grea ter  than that  in FPC from cooked red hake, raw 
hake, and A t l a n t i c  menhaden, re s p e c t iv e ly ;  s i m i l a r l y ,  the 
phenylalanine content of  SWP was 1%, 14%, and 19% greater  
than tha t  In FPC from the same sources; the corresponding 
percentages fo r  tryptophan were 15%, 29%, and 14%; and for  
tyros ine ,  13% and 21%.
The amount of leucine 1n SWP was 5% less than that  
in FPC from cooked red hake, but 3% and 9% greater  than that  
1n FPC associated with raw hake and A t l a n t i c  menhaden, r e ­
s pe ct ive ly .
Threonine was present in SWP in an amount th a t  was 
7% and 1% less than the values reported f o r  FPC from cooked 
red hake and raw hake r e s p e c t i v e ly ,  but 8% more than the 
amount in FPC from A t l a n t i c  menhaden.
The six remaining amino ac ids ,  a r g in in e ,  h i s t i d i n e ,  
iso leuc ine ,  l y s in e ,  methionine,  and v a l in e ,  consis tent ly  
were present in smal ler  amounts in SWP than they were in 
FPC. The amounts of  these amino acids in SWP were less than 
those in FPC from cooked red hake, raw hake, and A t l a n t i c
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menhaden, r e s p e c t i v e ly ,  by the speci f ied  percentages as 
fo l lows:  Iso leucine 33%, 25%, and 21%; lys ine  27%, 26%,
and 22%; methionine 21%, 12%, and 4%; va l in e  20%, 11%, and 
14%; h i s t i d i n e  10%, 3%, and 17%; and arginine 8%, 8%, and
2%.
These f indings would suggest that  SWP would not pro­
mote growth in the ra t  as e f f i c i e n t l y  as FPC.
Chapman, C a s t i l l o ,  and Campbell ( 1 9 ) ,  in a review of  
methods of assessing the n u t r i t i v e  value of proteins ,  
pointed out that  prote in  e f f i c i e n c y  ra t io s  are re lated  re a­
sonably wel l  to other methods of  evaluat ing proteins .  One 
of the main advantages of  the PER method is  that  i t  is 
equal ly  sensi t ive  and simpler fo r  determining protein  
q u a l i t y  than determinat ion of net protein re ten t ion  or net  
protein u t i l i z a t i o n .  I t  is important that  the PER proce­
dure be carr ied  out under standardized condit ions of  protein  
l e v e l ,  species of  t e s t  animal,  age of animal,  use of an 
appropr ia te  durat ion of  assay, and method of  feeding.  The 
precise d e t a i l s  of  the PER method have been speci f ied  in 
AOAC O f f i c i a l  Methods of Analysis (12)
In Tables 3a, 4a,  and 5a (Appendix) are given,  r e ­
s pe c t ive ly ,  the amounts of  food consumed, the gains in body 
weight ,  and the PER values for  each of the f o r t y  rats dur­
ing the 28-day assay of  the four t e s t  d ie ts .
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(g wt gain/g  
protein consumed)
1 Casein 132.1 ± 11.3 421.9 ± 21.3 3.13 ± 0.15
2 SWP 91.7 ± 14.2 369.1 ± 36.8 2.48 ± 0.21
3 ISP1 25.6 ± 11.2 255.3 ± 36.4 0.96 ± 0.38
4 SWP-ISP 51.8 ± 7.5 307.8 ± 31.9 1.68 ± 0.12
The values for  ISP and the other proteins l i s t e d  
in Table 11 are based on groups of 10 ra ts each. Of the 10 
ra ts  tha t  received the ISP d i e t ,  nine of them gained 
weight.  One r a t ,  i n i t i a l  weight 70g, lo s t  8g during the 
f i r s t  three days of the assay per iod,  and th e r e a f t e r  i t s  
body weight f luctua ted  between 61.5 and 7Qg. This a t y p i ­
cal animal consumed 183 .5g of the ISP d ie t  during the 
28-day assay period.  I f  the data f o r  th is  r a t  are omit ted,  
the mean values for  weight gain,  food consumption, and PER, 
calcu la ted  from the ISP data of the other 9 r a t s ,  are 
r e sp ec t ive ly :  28.4 ± 7 .0 ;  263.3 ± 27 .9 ;  and 1.07 ± 0 .19 .
6 4
Compared with the q u a l i t y  of  the protein in the 
casein d i e t *  the proteins in the SWP, ISP, and SWP-ISP diets  
were re spect ive ly  8035, 3156 and 5456 as e f f i c i e n t  in promoting 
growth of weanling r a t s .  The PER values of f i s h  protein  
concentrate obtained by Sidwell  et  a l . (77) for  seven 
species of f i s h  ranged from 2.96 ± 0.05 fo r  Moroccan sardine 
to 3.25 + 0.03 for  northern anchovy, with t h e i r  casein con­
t ro l  giving a PER value of  3 .00.
The PER data in Table 5a (Appendix) were subjected 
to a standard analysis of variance which examined the e f ­
fects  on PER values of  4 d ie ts  and 9 chronological  3-day 
periods of t ime. The resul ts  of  the analysis of variance  
are given in Table 12.
Computed on the basis of nine 3-day periods of t ime,
ra ther  than on the conventional  one 28-day period as was
done fo r  the values l i s t e d  In Table 11, the mean PER values 
were 3 .2 3 ,  2 .43 ,  1 . 2 7 ,  and 1 .7 8 ,  re s p e c t i v e ly ,  fo r  the 
casein,  SWP, ISP, and SWP-ISP d ie t s .  The ca lculated  F 
value was 162.89 which was very highly s i g n i f i c a n t
(p < 0 . 0 1 ) .  The c r i t i c a l  value at  d . f .  3/36 was
F.01 =  4 ' 3 8 ’
The overal l  mean PER value fo r  a l l  ra ts  receiving  
the four d ie ts  during the nine 3-day periods was 2.18.
In Table 13 are given the mean PER values fo r  the 
nine 3-day periods of  t ime,  together with the corresponding 
mean 3-day food in takes ,  body weights,  and ages of the ra ts .
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TA B L E  12
ANALYSIS OF VARIANCE FOR PROTEIN EFFICIENCY RATIOS
Source of Va r i a t ion d . f . M.S. F value Calc.  d . f .
Total 359
A. Diets 3 64.1310 162.89**  3/36
B. Time (Periods) 8 6.0125 15 .45**  8/288
AB. Diets x Time
In Error Term A 
(For D iets )
24 1.2195 3 .1 3 * *  24/288 
Sum of Squares
R. Rats 9 3.0536
RA. Diets x Rats 27 11.1200
Error 36 14.1736
14 .1736 /36  = 0.3937 = Mean Square fo r Error A (D ie ts )
In Error Term B 
(For Time & 
Diets x Time)
RB. Rats x Time 72 33.7882
RAB. Rt x Dt x Tm 216 78.2629
Error 286 112.0511
112.0511/288 = 0.3891 = Mean Square 
(Time & Diets x Time)
for Error B
* *p  < O.Ol
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Age of  
Rats 
(days)
1 1.83 25.0 74.2 29
2 2.47 27.2 81.0 32
3 1.50 30.4 85.3 35
4 1 .92 35.0 91.8 38
5 2.33 40.8 101 .7 41
6 2.22 41.2 111.6 44
7 2.82 39.7 123.8 47
8 2.36 43.2 134.6 50
9 2.16 45.9 144.9 53
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The mean PER values Increased from 1.83 In the f i r s t  
period to 2.47 1n the second period,  but 1n the th i r d  
period,  which corresponded to days 8,  9,  10 of  the assay 
when the ra ts  were 33 to 35 days o ld ,  the mean PER value  
declined abrupt ly  to 1 .50 .  A corresponding decrease in
food Intake did not occur. Possibly th is  low PER value ob­
tained with ra ts  33 to 35 days of age 1s a mani festat ion of  
a change 1n the growth process th a t  is  contro l led  by weight  
and age as ind icated by an equation developed f o r  percen-
tage growth r a t e : 1 k = ( I n  Wg - In W i ) / ( t 2 -  t - j ) .  A f t e r
the th i r d  3-day per iod,  the PER value increased to 1.92 and 
1n periods 5-9 f lu c tua ted  between 2.22 and 2 .82 .  The c a l ­
culated F value was 15,45 which was highly s i g n i f i c a n t  
(p < 0 . 0 1 ) .  The c r i t i c a l  values a t  8/288 were F 05 = 1.97  
and F qi = 2 .58.
The mean PER values fo r  the i n t e r a c t i o n ,  d ie ts  x 
3-day periods of t ime,  are given in Table 14.
The minimum PER values occurred 1n periods 3, 1,  1,
and 3, r e s p e c t i v e ly ,  fo r  Diets 1, 2,  3,  and 4; the maximum 
values occurred in per iods,  7,  7,  2,  and 7, r e s p e c t ive ly ,  
fo r  Diets 1,  2,  3,  and 4. The F value was 3.13 which was 
highly s i g n i f i c a n t  (p < 0 . 0 1 ) .  The c r i t i c a l  values a t
d . f .  24/288 were F 05 = 1-57 and F Q1 = 1.86.  This
V o r  a d e ta i l e d  discussion of  percentage growth 
rates see Bioenerget ics and Growth by Samuel Brody (Re1n- 
hold Publ ishing CorporatTorf, New York, 1945) ,  pp. 502-508.
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TABLE 14
MEAN PER VALUES FOR THE INTERACTION, 
DIETS x 3-DAY PERIODS OF TIME
Period
No.
Die t  1 
(casein)
D ie t  2 
(SUP)
Diet  3 
( ISP)
Diet  4 
(SWP-ISP)
Age of  
Rats 
(days)
1 3.51 1 .4 71 0 . 7 9 1 1.54 29
2 3.93 2.52 1 .682 1 .71 32
3 2 .2 4 1 1 .76 1.02 0 . 9 7 1 35
4 2.96 2.34 1.05 1 .34 38
5 3.27 2.72 1.33 1 .99 41
6 3.37 2.67 1.23 1 .60 44
7 3 . 9 8 2 3 . 3 8 2 1 .27 2 . 652 47
8 2.89 2.71 1 .47 2.37 50
9 2.88 2.28 1 .59 1.89 53
1 2 minimum maximum
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ind icates  that  the re la t io n s h ip  between the d i f f e r e n t  t e s t  
diets x d i f f e r e n t  periods of time with respect to mean PER 
values was not consis tent ly  maintained fo r  a l l  d ie ts  during 
the nine subperiods of the 28-day assay period.
The H v e r  weights of  the ind iv idua l  ra ts  are pre­
sented 1n Table 6a (Appendix).  The values associated with  
casein ranged from 9.0 to 1 3 . Og; with SWP, from 8 .5  to 
1 3 .Og; with ISP, from 4.1 to 5.5g;  and with SWP-ISP, from
5.5 to 8 .5g.  The mean l i v e r  weights of  the groups of ten 
ra ts  receiving the proteins were: casein 10.8 ± 1.2g;
SWP 10.0 ± 1 . 7g; ISP 4.8 ± 0.4g;  and SWP-ISP 6.7 ± 0 .8g .
In descending order ,  the c o e f f i c i e n t s  of  v a r i a t io n  of the 
mean l i v e r  weights were: SWP 17%; SWP-ISP 12%; casein 11%;
and ISP 835. The greatest  v a r ia t i o ns  in H v e r  weights were 
associated with the two groups of animals that  received  
die ts  containing SWP.
The H v e r  weight/body weight r a t i o s ,  expressed as 
percentages of body weight,  are given in Table 7a (Appen­
d i x ) .  The values associated with casein ranged from 4.55  
to 6.16%; with SWP, from 5.43 to 7.06%; with ISP, from 4.32  
to 5.86%; and SWP-ISP, from 4.37 to 6.20%. The mean per­
centages of the four  groups of  10 ra ts  each were: casein
5.25 ± 0.51%; SWP 6.07 ± 0.62%; ISP 4.93 ± 0.48%; and 
SWP-ISP 5.42 ± 0.55%. R e la t ive  to the body weights,  l i v e r s  
of  the two groups of animals tha t  received SWP in the d ie ts  
were heavier than the l i v e r s  of  the animals th at  received
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e i t h e r  ISP or casein.
The ten U v e r s  corresponding to each of the proteins  
were combined and f r e e z e - d r i e d .  The four dehydrated mate­
r i a l s  thus obtained were subjected to analysis for  residual  
moisture,  ni trogen content ,  and f a t  content .  The a n a l y t i ­
cal data are given 1n Table 8a (Appendix).  The residual  
moisture associated with the four  proteins were: casein
1.59%; SWP 0.45%; ISP 0.85%; and SWP-ISP 0.52%. The pro­
te i n  values (n i t rogen x 6 .25)  were: casein 65.44%; SWP
58.81%; ISP 60.40%; and SWP-ISP 60.59%. The f a t  (e ther  
e x t ra c t )  percentages were: casein 6.27%; SWP 7.97%; ISP
10.60%; and SWP-ISP 11.22%. On the basis of dry matter  
content of the f re e ze -d r ie d  l i v e r s ,  the p r o t e i n / f a t  r a t io s  
fo r  the l i v e r s  associated with the four diets were: 
casein,  6 6 . 5 0 /6 .3 7 ,  or 10.4;  SWP, 5 9 . 0 5 /8 .0 1 ,  or 7 . 4 ;
ISP, 6 0 .9 2 /1 0 .7 1 ,  or 5 .7 ;  and SWP-ISP, 60 .91 /1 1 .28  or 5 .4 .
The various H v e r  data are summarized in Table 15,
Among the four d ie ta ry  groups of r a t s ,  the l i v e r s  
associated with casein were the l a r g e s t ,  and the l i v e r  dry 
matter contained the most protein  and the lea s t  f a t .  The 
dry matter of  the l i v e r s  associated with SWP contained the 
l ea s t  protein The l i v e r s  associated with ISP were the 
smal lest ,  being less than h a l f  the weight of the l i v e r s  
associated with casein; the ISP U v e r s  were also the 
smal lest  r e l a t i v e  to body weight ,  whereas the SWP l i v e r s
TABLE 15 
SUMMARY OF RAT LIVER DATA
Dietary Liver Ratio Protein Fat Ratio
Protein Weight Lv wt/Bd wt (percent of (percent of (p ro te in /  
Source (grams) (percent)  l i v e r  D.M.) H v e r  D.M.) f a t )
Casein 10.8 + 1.2 5.25 ± 0.51 66.50% 6.37% 10.4
SWP 10.0 ± 1.7 6.07 + 0.62 59.05 8.01 7.4
ISP 4.8 0.4 4.93 ± 0.48 60.92 10.71 5.7
SWP-ISP 6.7 ± 0.8 5.42 ± 0.55 60.91 11.28 5.4
t
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were the l a r g e s t  in th is  respect .  The dry matter  of the 
l i v e r s  associated with SWP-ISP contained the largest  
amount of f a t .
SUMMARY AND CONCLUSIONS
Shrimp cannery e f f l u e n t ,  discharged at  the ra te  of  
70,000 gal lons/hour  from a seafood plant  a t  Westwego, 
Louisiana,  on the average contained about 0.65% of t o ta l  
sol ids .  From approximately 2,650 l i t e r s  of  the e f f l u e n t  
col lected  a t  th is  p la n t ,  about two kilograms of shrimp 
waste p ro te in ,  SWP, drum-dried a t  124-127°C, was obtained 
by treatment with hydrochloric acid to pH 4 . 4 - 4 . 7 .  Prox i ­
mate ana lysis of twelve a l iquo ts  of SWP gave the f o l l o w ­
ing percentages of  components: moisture 10.00 ± 0.51;
ash 6.33 ± 0.28;  pro te in  58.98 ± 1.46;  f a t  16.97 ±  0 .33;  
and crude f i b e r  1.62 ± 0 .05.  The gross energy value was 
5170 ± 52 c a l /g .  Mlcromtnerals were: calcium 0.465%;
phosphorus 0.815%; su l fur  0.415%; iron 0.110%; magnesium 
471 ppm; zinc 109.5 ppm; manganese 18 ppm; and copper
17.5 ppm. Total  b ac te r ia l  counts fo r  shrimp cannery
g
e f f l u e n t  and SWP were resp ec t ive ly  1.4 x 10 /ml and 
< 2 0 0 / g .
Defatted SWP, prepared by conventional  methods, in 
open a i r  a t  room temperature,  absorbed more than twice as 
much moisture from the a i r  than did oleaginous SWP; a f t e r  
twelve days exposure the former showed a weight increase  
of 5.8%, whereas the l a t t e r  Increased only 1.8%. When
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exposed fo r  twelve days 1n a closed system with the a i r  
a t  100% r e l a t i v e  humidity,  both oleaginous SWP and de­
f a t t e d  SWP showed weight Increases of approximately 42%; 
I n i t i a l l y ,  the defat ted  SWP absorbed moisture more 
r a p i d l y ,  but a f t e r  seven or e ight  days the rates of the 
two mater ia ls  were approximately the same. Mold did not 
a t t a c k  de fa t ted  SWP or oleaginous SWP 1n open a i r ,  but a t  
100% r e l a t i v e  humidity,  mold appeared on the defa t ted  SWP 
a f t e r  six days, and on the oleaginous SWP a f t e r  e ight  
days exposure.
Pre l iminary tes ts  on c l a r i f i c a t i o n  of shrimp can­
nery e f f l u e n t  were made, using Inorganic sa l ts  th at  are 
commonly employed 1n the c l a r i f i c a t i o n  of f i s h  s t lckwate r .  
Four aqueous 0.1 molar so lut ions were prepared,  using 
aluminum s u l f a t e ,  f e r r i c  s u l f a t e ,  f e r r i c  c h lo r id e ,  and 
sodium s i l i c a t e .  Each of  these was tested by adding the 
appropr ia te  amount of so lut ion  to a l iquots  of e f f l u e n t  to 
y i e l d  concentrat ions of the Inorganic s a l t  t h a t ,  a f t e r  
being mixed thoroughly,  corresponded roughly to 0.01M,  
0.008M, 0.004M, and 0.002M. Al iquots of  e f f l u e n t  were 
also  tested with a combination of  0.1M aluminum s u l f a t e  
and 0.1M f e r r i c  ch lor ide  1n equal proport ions to y i e l d  
mixtures In which the aluminum and f e r r i c  components each 
were present 1n m o la r i t i e s  of  0 .001 ,  0 .0 02 ,  0 .004,  and 
0 .0 0 5 .  The two Iron sa l ts  were the most e f f e c t i v e .  With 
f e r r i c  c h lo r id e ,  75 and 87% c l a r i t y  was achieved a t  15
7 5
and 30 minutes re s p e c t iv e ly ,  as compared with 55% and 63% 
c l a r i t y  during the same periods using f e r r i c  s u l fa te .  
Higher concentrat ions of both f e r r i c  sa l ts  were less e f ­
f e c t i v e  than were the lower concentrat ions.  At the lowest  
concentrat ions used, a mixture of aluminum s u l fa te  and 
f e r r i c  ch lo r id e  gave a c l a r i t y  of 40 and 53% a t  15 and 30 
minutes re s p e c t iv e ly .  Aluminum s u l fa te  alone was r e l a ­
t i v e l y  e f f e c t i v e  a t  the highest concentrat ion used, and 
the c l a r i t y  increased as the pH decl ined to 3 .9 .  Sodium 
s i l i c a t e  was I n e f f e c t i v e  a t  any of  the concentrat ions  
tested fo r  binding the protelnaceous mater ia l  In the 
e f f l u e n t  and p r e c ip i t a t in g  1t .
Amino a d d  analysis of  SWP by conventional  proce­
dures gave the fo l lowing values,  g AA/16g N, fo r  eighteen  
amino acids: a lan l iw 5.29;  arg in ine  6 .31;  aspar t ic  acid
10.74;  h a l f - c y s t i n e  1 .59;  glutamic acid 15.46;  glycine  
4.29;  h i s t i d i n e  1.90;  1soleuc1ne 3 .26;  leucine 7.57;  
lys ine  6 .17;  methionine 2.84;  phenylalanine 4 .56;  pro l ine  
3.44;  ser ine 4 .53;  threonine 4 .28;  tryptophan 1.26;  
tyros ine  3 .64;  and va l in e  4 .42 .  Compared to the essentia l  
amino a d d s  p r o f i l e  of casein,  SWP was superior to casein 
with respect  to the su l fu r -conta in ing  amino a d d s ,  and I t s  
threonine content was equal to th at  of  casein.  However, 
compared to casein,  SWP contained 50% less Iso leuc ine ,
40% less v a l i n e ,  37% less h i s t i d i n e ,  25% less leuc ine ,  and 
23% less l y s in e .  SWP contained 55% more arg in ine  than
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casein.
A comparison of the essent ial  amino acids p r o f i l e  
of SWP with those reported in the l i t e r a t u r e  fo r  f ish  
protein concentrate,  FPC, from three d i f f e r e n t  sources,  
namely, cooked red hake, raw, whole hake, and A t l a n t i c  
menhaden, showed that  four amino ac ids ,  cy st ine ,  phenyl­
a la n ine ,  tryptophan and tyros ine  consis tent ly  were present  
in l a r ge r  amounts 1n SWP than they were 1n FPC. The amount 
of leucine 1n SWP was 5% less than tha t  1n FPC from cooked 
red hake, but 3% and 9% greater  than th a t  1n FPC prepared 
from raw, whole hake and A t l a n t i c  menhaden, respec t ive ly .  
Threonine was present In SWP 1n an amount that  was 7 %  and 
155 less than those reported resp ec t ive ly  for  FPC from 
cooked red hake and raw, whole hake, but 8 %  more than the 
amount 1n FPC from A t l a n t i c  menhaden. Six amino acids,  
a r g in in e ,  h i s t i d i n e ,  1soleuc1ne, l y s in e ,  methionine,  and 
v a l i n e ,  co nsis tent ly  were present 1n smal ler  amounts 1n 
SWP than they were 1n FPC.
The prote in  e f f i c i e n c y  r a t i o ,  PER, which 1s the 
weight gain per weight of  protein eaten,  was determined 
for  three prote ins ,  ANRC casein,  SWP, ISP, and a protein  
mixture consist ing of equal par ts ,  by weight,  of SWP and 
ISP. The Iso la ted  soybean p ro te in ,  ISP, was Included 1n 
the PER evaluat ions because.of the Increasing Importance 
of soybeans in the a g r i c u l t u r a l  economy of  Louisiana.  The 
PER procedure was carr ied  out under the standardized
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condit ions of  prote in  l e v e l ,  species of t e s t  animal,  age 
of animal ,  use of  appropr ia te  durat ion of assay, and method 
of  feeding as spec i f ied  1n AOAC O f f i c i a l  Methods of Analy­
sis ( 1 2 ) .
With a lbino  ra ts  as the te s t  animals,  four i so ­
c a l o r i c ,  1son1trogenous d ie t s  (4045 c a l / g ;  1.60% ni t rogen)  
containing one each of the four prote ins ,  casein,  SWP, ISP,  
and SWP-ISP, were used to evaluate the e f f e c t  of protein  
on f i v e  c r i t e r i a :  ( 1 ) food In take,  ( 2 ) body weight,
(3)  PER, (4)  l i v e r  weight ,  and (5)  the r a t i o  of H v e r  
prote in  to l i v e r  f a t .
F o r t y - f i v e  male 22-day old a lbino ra ts  of the Car-  
worth Farms CFE s t r a i n ,  ranging 1n weight from 53 to 59.5  
grams, were housed I n d i v i d u a l l y  1n screen-bottom cages 1n 
an a i r -c o n d i t io n e d  room. Food and d i s t i l l e d  water were 
of fe red  ad̂  11b1 turn; food Intakes and weight gains of  each 
animal were recorded every three days. A f te r  a three-day  
accl imat ion period 1n the laborato ry ,  f o r t y  of  the animals 
were assembled In to  four d ie t a r y  groups of  ten animals 
each, so th at  the average weight of the ra ts  1n any one 
group did not exceed by more than f i v e  grams the average 
weight of  the ra ts  1n any other group. For 28 days each 
group received one of  the four  t e s t  d i e t s .  At the begin­
ning of  the assay,  one of the ungrouped animals was s a c r i ­
f i ce d  1n order to gain Informat ion about the l i v e r  weight .  
At the end of  the assay the animals were k i l l e d  with
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chloroform. The U v e r s  were removed, weighed, combined 
according to groups, and stored a t  - 20°F u n t i l  f reeze-  
dried p r io r  to analyses fo r  ni trogen and f a t .
The PER values fo r  the proteins were: casein
3.13 ± 0 .15;  SWP 2.48 ± 0 .21;  ISP 0.96 ± 0 .38;  and 
SWP-ISP 1.68 ± 0 .12 ,  These values indicate t h a t  SWP was 
80% as e f f i c i e n t  as casein in promoting growth of  weanling 
r a t s .  SWP, when mixed in equal parts with ISP, Increased 
the e f f i c i e n c y  of ISP, as compared to that  of casein,  from 
31% to 54%. The PER values of f i s h  protein concentrate  
reported in the l i t e r a t u r e  ranged from 2.96 ± 0 .05 to
3.25 ± 0.03 when the PER value of the casein control  was 
3.00 .
The PER data obtained 1n the present study were 
subjected to standard analyses of variance.  The var ia t io n  
due to d ie ts  was very highly s i g n i f i c a n t ,  as was also v a r i a ­
t ion  due to t ime; the b lv a r ia t e  In te ra c t ion ,  d ie t s  x t ime,  
was highly s i g n i f i c a n t  (p < 0 . 0 1 ) .  This ind icated that  the 
r e la t io n s h ip  between the d i f f e r e n t  t e s t  diets x d i f f e r e n t  
3-day tes t  periods of time with respect to mean PER values 
was not consis tent ly  maintained fo r  a l l  d iets during the 
28-day assay period.
The mean l i v e r  weights corresponding to the d i f f e r ­
ent proteins were: casein 10.8 ± 1.2g; SWP ,10.0 ± 1.7g;
ISP 4.8 ± 0.4g;  and SWP-ISP 6.7 ± 0.8g.  The grea test  
c o e f f i c i e n t s  of v a r i a t i o n  in H v e r  weights were associated
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with the two groups of  animals that  received d ie ts  con­
ta in ing  SUP. Expressed as percentages of body weights,  
the l i v e r  weight/body weight r a t io s  associated with the 
proteins were: casein 5.25 ± 0 .51;  SUP 6.07 ± 0.62;
ISP 4.93 ± 0.48;  and SWP-ISP 5.42 ± 0 .55 .  The l iv e r s  
associated with SUP, in proport ion to body weight ,  were 
la rger  than those associated with ISP or casein.  The 
protein content of the l i v e r s ,  based on the amount of dry 
matter In the l i v e r s ,  ranged from 5 9 . OX for  SWP to 6 6 . 5X 
f o r  casein;  the ISP and SWP-ISP values were i d e n t i c a l ,
6 0 . 9 % .  S i m i l a r l y ,  the f a t  content of the U v e r s  ranged 
from 6.4X f o r  casein to 11.3% f o r  SWP-ISP. The p r o t e i n / f a t  
ra t io s  fo r  the four groups of l i v e r s  were: casein 10.4;
SWP 7.4;  ISP 5.7;  and SWP-ISP 5 .4 .
The largest  U v e r s  were associated with casein; the 
smal lest ,  with ISP. The highest protein content and the 
lowest f a t  value were associated with casein.  The lowest  
protein content  was associated with SWP. The Uv ers  
having the highest f a t  content were associated with 
SWP-ISP.
The chemical and b io logica l  evaluat ions obtained in  
the present study Ind ica te  that  shrimp waste protein has 
s i g n i f i c a n t  n u t r i t i v e  value.  Shrimp waste protein im­
proved the protein q u a l i t y  of a soybean d ie t  74X when h a l f  
of the soybean protein 1n the d i e t  was replaced by an equal 
amount of  shrimp waste prote in .  Further n u t r i t i o n a l
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evaluat ions are needed using d i f f e r e n t  p lant  pro te ins ,  and 
various leve ls  of  SWP In the te s t  d ie ts .
A det a i l ed  discussion of  the many technical  and eco­
nomic problems encountered In shrimp cannery operations  
l i e s  outside the scope of th is  d is s e r t a t i o n .  However, a 
major considerat ion 1n any attempt to i s o la t e  proteinaceous 
byproducts from shrimp waste e f f l u e n t  Is the necessity of 
handling tremendous volumes o f  e f f l u e n t  with i t s  r e l a t i v e l y  
small content  of suspended so l id s .  In th is  area fu r the r  
studies are needed to provide informat ion about the amounts 
of  proteinaceous m a te r ia ls ,  as wel l  as the volumes of water,  
contr ibuted  to the e f f l u e n t  by each of  the sequential  steps 
of operat ion,  namely, pee l ing,  washing, blanching,  r e t o r t ­
ing,  cool ing,  e tc .  More informat ion 1s needed about the 
act ion and r e l a t i v e  e f f i c i e n c i e s  of various f loc c u la t ing  
agents and procedures fo r  separat ing small amounts of pro­
teinaceous mater ia ls  from large  volumes of  shrimp waste 
e f f l u e n t .
On the basis of  the present study,  a pro ject ion  of  
poten t ia l  p rac t ic a l  appl icat ions  would Include the Incor ­
porat ion of shrimp waste protein 1n canned or processed pet 
foods, as well  as use as an animal feed supplement 1n 
poul t ry  or l ives tock  ra t io ns .
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APPENDIX
TABLE la
PROXIMATE COMPOSITION OF DRUM-DRIED SHRIMP WASTE PROTEIN
No. of  
samples
Moi sture Ash Protei  n Etherex t ract
P e r c e n t
Crude
f i b e r
Calor ic  
value 
( c a l . /gm)
C.V.S
1 9.81 6.48 58.84 17.55 1.56 5170
2 10.06 6.75 56.85 17.38 1.60 5098
3 9.82 6.59 58.39 17.01 1.70 5194
4 9.11 6.24 59.22 16.92 1.61 5210
5 11.05 6.13 59.59 17.33 1.60 5202
6 9.95 6.28 60.28 16.97 1.65 5194
7 9.49 6 . 1 2 59.78 16.51 1.53 5120
8 10.50 5.92 60.56 16.80 1.71 5129
9 10.49 6.70 59.15 16.63 1.60 5117
10 9.58 6 . 2 2 60.12 17.16 1.61 5154
11 10.14 6.59 55.56 16.64 1.60 5284
12 9.97 5.98 59.41 16.69 1.61 5174
SD1 10,0 0 ± . 51 6 . 33±.28 58.98+1.46 16.97+.33 1 .62±.05 5170±52
S2 5.1 4.4 1.9 2.5 3.1 1 . 00
^Standard dev ia t ion.
2
C o e f f i c ien t  of v a r i a t io n .
TABLE 2a
PROXIMATE COMPOSITION OF ANRC CASEINa AND SOYBEAN PROTEIN ISOLATE5
Moisture Ash Etherext ract Protei  n
Crude
f i b e r
Calor ic
value
P e r c e n t (ca l . /gm)
ANRC* 3.860 2.416 0 . 012 91.070 5527
casei n 3.853 2.307 0 . 010 91.481 - 5428
3.708 2.303 0.008 91.893 - 5503
Mean 3.81 2.34 , 0.01 91.48 5486
Soybean* 4.505 3.543 0 . 00 92.309 0.01 5354
protein 4.497 3.487 0 . 00 92.249 0.01 5341
iso la te 4.492 3.529 0 . 0 0 92.361 0.01 5347
Mean 4.50 3.52 0 . 0 0 92.31 0.01 5347
aANRC casein, from Shef f ie ld  Chemical, Norwich, N.J.
^Soybean protein i so la te  (Promine-D),  from Central Soya.
♦Nitrogen for  casein is 14.32 ( fac to r  6.38)  and for  soybean protein is 14.77 
























AD U B .  FOOD INTAKES (grams/rat /3-days)
Diet  1
Rat No.
1.1 1 . 2 1.3 1.4 1.5 1 . 6 1.7 1 . 8 1.9
9.5 11.5 11 . 0 10.5 10 . 0 9.0 10 . 0 10. 0 11.5
25.5 30.0 30.0 29.4 29.4 30.0 29.1 29.1 29.7
27.0 29.4 30.0 29.1 28.5 29.7 29.4 28.2 29.4
34.5 35.7 35.7 34.8 35.1 35.1 34.5 34.2 35.7
41.4 45.0 44.4 43.5 43.8 44.1 44.4 43.8 45.0
40.5 54.0 43.5 53.7 55.5 58.5 54.9 57.0 60.0
48.9 58.2 45.0 53.7 50.4 58.5 52.2 47.4 58.5
45.0 51 .9 47.4 58.2 49.2 54.9 58.2 42.0 54.0
53.4 60.0 51.0 59.7 55.5 54.0 59.1 49.5 60.0
57.0 60.0 60.0 60.0 58.5 60.0 60.0 60.0 60.0
■____________________________ Diet_2_________________________________
_____________________________________ Rat No._____________________________
2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9
5.5 8 . 2 7.2 7.2 8 . 0 7.0 8 . 0 8.5 8 . 0
24.0 26.7 18.0 24.0 25.8 20.7 20.4 23.4 19.5
25.5 28.5 23.4 25.5 29.4 28.5 28.5 27.3 26.1
34.5 34.5 28.5 28.2 34.5 31.5 24.9 35.1 32.1
39.9 44.1 29.1 28.5 36.0 43.2 33.0 43.2 40.5
37.5 53.7 42.0 39.0 38.7 39.9 39.0 58.5 37.5
43.5 54.9 37.2 39.0 57.6 45.0 43.2 51.0 43.5
46.5 57.9 42.0 37.5 59.1 46.5 42.0 54.0 46.5
49.5 60.0 45.0 51.0 60.0 44.4 43.5 50.7 47.7
51.0 60.0 50.4 48.9 60.0 54.9 57.0 58.5 49.2
a Intake for  f i r s t  day of assay period.
TABLE 3a  ( c o n t i n u e d )
D i e t  3
Rat No.
i/ajr
3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 3.10
ia 7.0 5.0 10.5 8.1 8 .0 11.5 9.5 7.7 8.5 6.6
4 17.1 10.5 28.5 22.5 22.5 28.8 29.1 22.5 21.0 30.0
7 21.9 21.9 27.0 27.6 25.5 28.5 24.9 27.3 23.1 29.4
10 24.0 21.3 27.6 32.1 31.2 32.4 34.5 27.0 20.7 35.7
13 25.2 10.5 25.5 22.5 30.9 29.4 33.9 25.2 24.9 36.9
16 28.5 21.0 29.7 27.0 28.5 34.5 37.5 24.0 29.7 36.0
19 28.2 28.5 29.4 27.6 32.7 27.3 34.2 27.0 25.2 40.5
22 3.0 27.6 27.0 26.7 22.8 31.5 23.7 18.0 34.2 33.0
25 3.0 15.0 34.5 30.9 27.0 33.0 28.5 25.5 30.0 34.5
28 33.9 22.2 28.5 24.0 27.0 31.5 36.0 19.5 21.0 25.5
Die t  4
Ha \ t  — Rat No.u a y
4.1 4.2 4.3 4.4 4.5 4.6 4.7 4.8 4.9 4.10
i a 9.8 8.5 7.0 9.0 7.1 9.0 8.0 9.0 8 .0 8.5
4 28.2 27.0 26.7 26.1 22.8 25.5 24.0 21 .0 24.0 21.0
7 28.8 27.6 28.8 23.7 28.5 28.5 28.2 27.0 20.4 27.0
10 28.8 28.8 28.5 25.2 22.5 31.5 27.0 24.9 21 .0 23.1
13 34.5 30.6 33.9 28.5 26.1 39.9 32.7 28.2 27.6 32.4
16 36.0 43.5 38.7 34.5 32.1 45.0 37.2 34.5 28.5 37.2
19 40.5 37.5 37.5 33.0 30.0 42.0 33.0 37.5 30.0 33.0
22 37.2 40.2 42.0 33.6 34.5 40.5 33.0 31.5 25.5 38.4
25 42.0 40.5 40.5 37.5 37.5 51.0 37.5 42.0 30.0 42.0
























GAIN IN WEIGHT DURING 28-DAY ASSAY (grams/rat /3-days)
Diet  1
Rat No.
1.1 1 . 2 1.3 1.4 1.5 1 . 6 1.7 1 . 8 1.9
6 . 0 11.5 11 . 0 10.5 11 . 0 8.5 10 . 0 10. 0 13.0
8 . 2 13.0 12.5 11.3 12.5 13.0 10.5 9.5 1 2 . 0
8.1 7.0 9.5 9.2 7.7 8 . 6 6.5 8.5 8.5
12.7 13.5 14.0 12 . 0 13.3 11.4 13.5 14.0 13.0
13.3 17.5 12.5 18.5 18.5 18.0 17.5 19.5 20 . 0
12.7 24.5 16.5 16.5 15.0 22 . 0 18.5 12.5 23.0
17.0 20.5 20.5 26.5 15.5 20.5 22.5 20.5 22 . 0
12.5 20 . 0 16.0 15.0 19.5 18.0 14.0 11 . 0 20 . 0
18.0 16.5 18.5 19.0 17.0 16.0 23.5 14.0 15.0
2.1 2.2 2.3
2 . 0 4.0 1.5
8 . 0 8 . 0 5.5
7.0 5.5 3.0
7.5 11 . 0 10.5
9.3 15.0 8.5
10 . 2 17.5 6 . 0
18.0 20.5 14.5
12.5 14.0 12 . 0
3.5 3.5 13.0






3.5 8.5 10 . 0



































TABLE 4a  t c o n t i n u e d )
D i e t  3
Rat No.
3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9
0.5 0 . 0 3.0 1.5 1.5 2 . 0 2.5 2.5 0.5
4.5 7.8 3.5 5.5 3.0 3.5 2 . 0 5.0 2.5
2.5 0 . 0 1.5 0.5 3.0 3.0 4.0 3.0 0 . 0
0 . 0 0 . 0 3.0 0 . 0 1 . 0 0 . 0 4.0 0 . 0 2.5
3.0 0.5 2.5 3.0 5.0 7.5 8 . 0 3.0 2.5
3.5 2 . 0 6.5 3.0 3.5 0 . 0 1.5 4.0 2.5
5.5 1 . 0 4.5 4.5 1 . 0 4.0 0.5 1.5 8.5
9.0 0 . 0 1.5 4.0 5.5 3.5 6 . 8 2 . 0 0.5











_______ Diet  4
___________Rat No.
4.4 4.5 4.6
4.5 2.5 2 . 0
4.5 3.5 5.0
3.0 1 . 0 4.5
1 . 0 2 . 0 0 . 0
7.5 4.0 19.2







2 . 0 2.5 0 . 0
14.0 3.0 1. 0
0 . 0 8 . 0 5.0
4.0 5.5 4.5
8 . 0 7.5 7.5
9.0 11 . 0 6.5
11 . 0 7.7 8 . 0
TABLE 5a
PROTEIN EFFICIENCY RATIO OF INDIVIDUAL RATS
Diet  1
Rat No.
u a y  "
1.1 1 . 2 1.3 1.4 1.5 1 . 6 1.7 1 . 8 1.9 1 . 1 0
4 2.35 3.83 3.66 3.57 3.74 2.83 3.43 3.43 4.37 3.87
7 3.03 4.42 4.16 3.88 4.38 4.37 3.57 3.36 4.08 4.08
10 2.35 1.96 2 . 66 2.64 2.19 2.45 1. 88 2.48 2.38 1.42
13 3.07 3.00 3.15 2.75 3.03 2.58 3.04 3.19 2 . 88 2.90
16 3.28 3.24 2.87 3.44 3.33 3.07 3.18 3.42 3.33 3.58
19 2.59 4.21 3.66 3.07 2.97 3.76 3.54 2.63 3.93 3.33
22 3.77 3.95 4.32 4.55 3.15 3.73 3.86 4.88 4.07 3.47
25 2.34 3.33 3.13 2.51 3.51 3.33 2.36 2 . 2 2 3.33 2 . 8 8
28 3.15 2.75 3.08 3.16 2.90 2 . 66 3.91 2.33 2.50 2.33
Diet  2
Rat No.uay ■
2.1 2 . 2 2.3 2.4 2.5 2 . 6 2.7 2. 8 2.9 2 . 10
4 0.83 1.49 0.83 1.45 2.51 0.72 1.47 1.49 1 .79 2 . 12
7 3.13 2.80 2.35 1.84 3.06 3.33 1.29 2.75 1.91 2.83
10 2. 02 1.59 1.05 1.70 2.03 1.74 1 .73 2.13 1 .71 1 . 88
13 1.87 2.49 3.60 1 .22 2.36 2.31 1 .66 2.77 2.34 2.81
16 2.48 2.79 2. 02 2.56 2.07 2.76 3.33 3.07 3.06 3.02
19 2.34 3.18 1.61 2.43 3.73 3.11 2.43 2.84 2.87 2.15
22 3.87 3.54 3.45 3.60 3.40 3.46 3.57 3.20 3.33 2.36
25 2.52 2.33 2 . 66 3.03 2.98 2.45 2.52 2.80 2.72 3.13

































2.25 1 .63 2.25
0 . 86 1.38 1.05




1.90 2 . 22 2 . 22
1.33 1.96 1.33




0 . 66 0 . 6 6 0.69





1 . 6 8 0.43 1.26
1 .29 2.03 1.06
0.62 2.59 1.11








1.51 2 . 0 0 2.69
2.83 3.04 2. 22
2.26 2.53 2.84










2 . 00 0.76 1.19
4.7 4.8 4.9
1.25 2.14 1.04
1 .24 1. 66 1.96
0.74 1 .00 1.16
4.28 1.06 0.36
2.74 2.31 1.75
1.21 1.46 1 .50
2.42 2.38 2.94
2.40 2.61 2.16
2.39 1.90 2 . 22
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TABLE 6a
LIVER WEIGHTS1 OF INDIVIDUAL RATS 
(grams)
Rat No. D ie t  1 (casein)
D i e t  2 
(SWP)
D ie t  3 
( ISP)
Diet  4 
(SWP-ISP)
1 1 0 . 0 1 0 . 0 4.5 7.5
2 13.0 12 .5 4.1 6 . 8
3 1 1 . 0 8 . 0 5.5 5.5
4 11 . 0 8.5 5.0 6.5
5 1 0 . 0 13.0 5.0 5.5
6 1 1 . 2 9.7 4 .5 8.5
7 1 0 . 0 8.5 5 .0 7.0
8 9.0 1 0 . 2 4.6 6.5
9 1 0 . 0 9.0 4 .5 6.5
10 12.5 10.5 4 .8 6.5
MeaniSD 1 0 . 8 ± 1 .2 1 0 . 0± 1 .7 4 .8+0 .4 6 .7+0 .8
C.V.% 11 17 8 12
^ h e  l i v e r  weight of  a control  a t  the beginning of 
the experiment was 3.1g.
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TABLE 7a
LIVER WEIGHT/BODY WEIGHT RATIOS 
(percent  of body weight)
Rat No. Diet  1 (casein)
Die t  2 
(SWP)
Diet  3 
( ISP)
Diet  4 
(SWP-ISP)
1 5.55 6 . 6 6 4.74 6 . 2 0
2 5.96 7,06 5.86 5.27
3 5.26 5.59 ' 5.50 4.37
4 5.12 5.99 5.16 5.28
5 5.00 6.95 4.81 4.78
6 5.21 5.67 4.55 5.78
7 4.90 5.59 4.50 5.83
8 4.79 5.43 5.06 5.20
9 4.55 5.55 4.79 5.91
10 6.16 6.18 4.32 5.56
Mean 5 .2 5 ± 0 .51 6.07±0.62 4.93±0.48 5 ,42±0.55
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T AB LE 8a
MOISTURE, PROTEIN AND FAT 
IN FREEZE-DRIED RAT LIVERS
Dieta ry  P e r c e n t
protein ----------------------------------------------------------------------
source Moisture Protein Fat
1.631 64.065 6.424
Casein 1.552 65.377 6.267
1 .592 66.893 6.116
Mean 1.592 65.445 6.269
0.456 57.647 7.793
SUP 0.455 59.510 8.095
0.453 59.195 8.034
Mean 0.454 58.814 7.974
0.829 58.907 9.954
ISP 0.848 60.191 10.850
0.874 62.116 10.993
Mean 0.850 60.404 10.599
0.530 59.979 11.303
SWP-ISP 0.515 61.552 11.560
0.520 60.245 10.811
Mean 0.522 60.592 11.225
ii
T A B L E  9a
COMPOSITION OF DIETARY MINERAL 
AND VITAMIN MIXTURES





MgS04 (anhyd.)  57.3
CaC03 381.4
FeS04 *7 H20 27.0
MnS04 *H20 4.01
ZnS04 *7 H20 0.548
CuS04 -5 H20 0.477
CoCl2'0 H20 0.023
Vitamin Mixture Used in the Diets
Component mg/IOOg d ie t
Vitamin A (dry,  s t a b i l i z e d )  2000 IU
Vitamin D (dry,  s t a b i l i z e d )  200 IU




Ino s i to l  10
Niacin 4
Ca D-pantothenate 4
Ribof lav in  0.8
Thiamine-HCl 0.5
Pyrodox1ne*HCl 0.5
Fol ic acid 0.2
Biot in  0.04
Vitamin Bi2 0.003
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